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"Dynamics of the beaver be shet Penddes northern forest", submitted 
by John Raymond Gunson in partial fulfilment of the requirements for 


the degree of Master of Science. 


ABSTRACT 


Harvests and population dynamics of beaver were studied in 14 major 
habitats of Saskatchewan's northern forest between 1963 and 1968. Major 
habitats were distinguished on the basis of climatic, physiographic and 
vegetative differences. 

The number of beaver harvested per square mile per year during the 
period 1958-59 to 1967-68 varied from 0.94 in Pasquia to 0.02 in Northern 
Transition. Differences in harvest were considered to be primarily a 
result of variations in habitat quality. Reduced harvests occurred in 
the mid 1960's and were related, at least in some areas, to population 
declines resulting from the high harvests of the late 1950's and early 
1960's. Population increases in the Churchill and Hyper-Churchill habi- 
tats between 1965 and 1967 were related to restrictions on the harvest 
beginning in 1963-64. The trappers' census was judged an imprecise mea- 
sure of papulatton size over large areas. An alternative method of est- 
imating population size was developed and recommended for further use. 

Numbers of beaver in colonies varied significantly between the two 
habitats intensively studied suggesting that colonies in higher quality 
habitats contained more beaver. The number of beaver in colonies app- 
eared to be regulated by variations in litter size and in the frequency 
of dispersal of immature animals. 

Studies of beaver in an intensive study area of inferior habitat 
indicated high survival of kit beaver in the first few months of life, 
movements of entire family-groups into and out of the study area, and 
emigration of yearlings from parental colonies in their second summer of 
ABs i 26 


Growth rates and reproductive performance were highest in high 
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quality habitats containing greater proportions of the preferred food 
species, the poplars. Ovulation rates varied from 5.20 + 0.61 in the 
fringe area immediately south of the trapline areas to 3.00 + 0.63 in 

the Uranium City habitat. Calculated losses from resorption varied 
between 1.8 percent in South-Saskatchewan to 13.8 percent in Uranium City. 

Litter size of beaver varied directly with availability and pre- 
sumably quality of preferred foods and with body weight, and perhaps 
inversely with population density. Temperature variations and latitude 
appeared to have no effect on litter size. Litter size of Porcupine 
beaver increased from 3.50 + 1.09 for yearlings to 4.85 + 1.23 for 8- 
year olds and then declined with increasing age. 

Pregnancy rates of adults were over 85 percent in all habitats but 
Uranium City, where the rate was 71.4 percent. Yearlings, 2-year olds 
and beaver over 12 years of age bred less frequently than adults 
from 4 to 12 years of age. 

Sex ratios were balanced at birth and, in harvest, favoured males 
slightly in the first year of life and females in the adult age-groups 
except the very old where males again predominated. A selection for adult 
females in the harvest was suggested. 

Productivity varied between habitats with kits representing 51.5 
percent in Pasquia and 23.4 percent in Foster. Mortality rates were 
highest in the first 2 or 3 years of life and lowest between the ages of 
5 and 9 years. Differences in age-specific mortality rates were judged 
to be a result of mortality agents other than trapping. Mortality was 
much more rapid in the southern high quality habitats and this appeared 
to be a result of the more intensive trapping in such areas as indicated 
by tag recovery rates. Predation was considered an important mortality 


agent especially in more northern habitats. 
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INTRODUCTION 


In the introduction of his classic book, "The Fur Trade in Canada", 
Harold Innis (1930:3) wrote: 

"The history of Canada has been profoundly influenced by the 

habits of an animal which very fittingly occupies a prominent 
place on her coat of arms." 

The beaver Castor canadensts Kuhl has long been Saskatchewan's most 
important fur-bearing animal, and has been especially important in the 
northern two-thirds of the province where harvests of thousands of anim- 
als annually have been vital in maintaining and developing the economy. 
Most trappers in the northern forest spend much of their trapping time in 
the "beaver hunt". Consequently much of their yearly earnings from fur 
trapping result from sales of beaver pelts. 

The Northern Fur Conservation Area (NFCA) program, begun in 1946 
as a joint federal-provincial project, provided funds for the develop- 
ment and more intensive management of northern Saskatchewan fur resources. 
Traplines were grouped into Conservation Areas (Fig. 1). Trappers from 
each Area held annual meetings to discuss fur management, reported their 
beaver census and set their beaver harvest limits or quotas. Govern- 
ment-trapper co-operation, centered on the beaver census, formed the core 
of the beaver management program that continues to this day. 

Prior to 1946 less effective laws allowed widespread over-trapping 
of much of Saskatchewan's beaver population. During the first half of 
the 1900's many northern people never saw a beaver. One of the first 
major projects following the establishment of the NFCA was the transplant- 
ation of beaver from southern locations to various areas of the northern 


forest. Between 1946 and 1952 over 3,000 beaver were moved north. Low 


Figure l. Conservation Areas in Saskatchewan's northern forest. 


Each Area is a grouping of traplines. 
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harvest limits were rigidly enforced during the early years of the pro- 
gram. 

Following inauguration of the NFCA program harvests rose sharply 
until over 50,000 pelts were being sold annually in the province. This 
ideal situation was short-lived. Harvests were again declining by the 
mid 1960's. The reasons for such changes in abundance were poorly under- 
stood and pointed out the need for research and more intensive manage- 
ment. In 1963 I initiated studies of the ecology and management of 
beaver in the NFCA. 

Studies were planned to provide information about the population 
dynamics of beaver from subunits or "habitats" of its northern Saskatch- 
ewan range. Long-term objectives were to relate differences in dynamics, 
if any, to differences in habitat conditions or variations in trapping 
intensities. Immediate objectives were: 

Jae EO Braise the relationships of harvest and population changes 

since 1946, and during the years of study. 

2. To evaluate the trappers’ beaver census as a measurement of 

population size. 

3. To develop alternative methods of estimating population size, 

if necessary. 

4. To compare the numbers, sexes and ages of beaver in colonies 

in various habitats. 

5. To investigate the ecology of beaver in an area of inferior 

habitat. 

6. To compare growth rates, reproduction, sex and age proportions, 

and mortality rates of beaver in habitats of different quality. 


7. To determine trapping intensities in some habitats. 
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DESCRIPTION OF STUDY AREAS 


The province of Saskatchewan is located near the center of the 
continental land mass of North America. The northern forest extends 
from about latitude 52°, the southern edge of the Porcupine Hills, to 
latitude 60°, the Northwest Territories border. Information on weather 
was supplied by the metereological station of the federal Department of 
Transport in Prince Albert. The Saskatchewan Institute of Pedology pro- 
vided physiographic descriptions of some areas. Vegetative character- 
istics have been taken from Rowe (1959) and from my personal knowledge 


of the areas. 


Climate 


The climate of the area is greatly influenced by the Cordillera of 
western Canada and the relatively northern location. The Cordillera 
intercepts the prevailing warm, moist, westerly winds resulting in red- 
uced precipitation, and allows entrenchment of cold arctic air masses in 
winter. Temperatures are below freezing for long periods during winter 
months. The frost-free period generally extends from about mid-May to 
September 1 in the southern forest areas and is less than three months 
in the northern areas. Summers are short and hot. Mean winter temp- 
eratures and levels of rain and snowfall from 1964-65 to 1967-68 are 


shown in Appendix I. 


Physiography 


The physiographic features of the area as expressed by relief, 
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drainage and local topography are varied and complex. The area includes 
portions of the Churchill Province of the Canadian Shield and of the Cen- 
tral Lowlands, Great Plains and Northern Plains Provinces of the Interior 
Plains Division of North America (Clayton 1960). The Canadian Shield oc- 
cupies over half of the area and is characterized by exposed igneous and 
metamorphic rocks of Precambrian age scoured by glaciers, sand deposits 
and poor soil development of either weak podzols or peats. Immediately 
south of the shield are lowland areas extending across the province in 
the location once occupied by glacial lakes Hyper-Churchill and Agassiz. 
Lowland features of imperfect drainage and muskeg soil development, and 
sand deposits are common. 

Farther south are a series of thinly-glaciated upland areas, the 
Porcupine, Pasquia, Cub-Wapawekka, Prince Albert and Mostoos hills. Soils 
of these hill areas are mainly grey wooded podzols with sandy deposits 
and some organic peats in poorly-drained areas. Two areas of glacial 
outwash origin, Bronson and Meadow Hills, are located on the southwest- 
ern extremity of the northern forest. Soils in the latter hills are 
primarily of grey wooded type. Elevations range from 600 feet in Athab- 


asca to about 2,500 feet in most of the southern uplands. 


Vegetation 


All northern Saskatchewan forests are within the Boreal Region 
(Rowe 1959). In Saskatchewan parts of six sections of this region occur 
(Fig. 2). The Mixedwood Section includes all the upland habitats and 
the Bronson and Meadow Hills areas. This section is characterized by 


varying proportions of aspen Populus tremuloides, balsam poplar Populus 


Figure 2. 


Map of Saskatchewan with beaver habitats and Rowe's 
(1959) forest classification. The South-Saskatchewan 
(SS) includes that portion of the Mixedwood Section 


south of the beaver habitats. 
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balsamtfera, white birch Betula papyrifera, white spruce Picea glauca 

and balsam fir Abtes balsamea on the well-drained uplands; jackpine 

Pinus bankstana on sandy areas; and black spruce Picea mariana in poorly- 
drained parts including the basin-like tops of the hills. Rowe calls 

the lowland area immediately south of the shield, the Upper-Churchill 
Section. Extensive stands of jackpine on sandy plains, and black spruce 
on intervening poorly-drained areas predominate. The Coniferous Section, 
containing the Churchill and Foster habitats has closed forests where- 
ver depth of soils is adequate. Black spruce is the dominant tree on 
poorly-drained lowlands and thin-soiled uplands. Jackpine and tamarack 
Lartx larictna occur extensively as well. Scattered aspen, balsam poplar, 
white birch and white spruce occur. 

Farther north the Athabasca South Section, which contains the Ath- 
abasca habitat, comprises a broad lowland of jackpine on sandy soils. 
Black spruce is also common. Poplars and white spruce are uncommon. 

The Northwestern Transition Section of Rowe's classification occupies the 
most northerly area in Saskatchewan, that represented by the two habitats, 
Uranium City and Northern Transition. This section is one of open, sub- 
arctic woodland. Unfavourable climatic conditions, thin soils and freq- 
uent fires reduce the distribution, abundance and size of tree species. 
Areas of bog, muskeg and bare rock are intermixed with open stands of 
dwarfed black spruce and jackpine. Some stunted aspen and balsam poplar 


occur. 


Beaver Habitats 


I made a preliminary division of the northern forest into 14 habitats 
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on the basis of climate, physiography and vegetation (Fig. 2). The 
subdivisions south of the Canadian Shield were adopted, in part, from 
Kirby's (1962) forest classification. In future, when more intensive 
Management is possible, these large habitats may be subdivided into 
smaller units. This tentative classification may also have some use in 


studies of other game and fur species in northern Saskatchewan. 


Pasquia (P) and Porcupine (Py) 


The above two habitats, which rise between 1,500 and 2,000 feet 
above the surrounding countryside, are located, respectively, north and 
south of the village of Hudson Bay. The escarpment portions of both the 
Pasquia and Porcupine have fertile clay and clay-loam soils developed 
from lacustrine action in post-Lake Agassiz times. The PH of these soils 
approaches neutrality. Some very fertile dark grey wooded soils occur 
in the southern parts of Pasquia. Both areas have numerous small lakes 
and streams that drain to the lowlands surrounding the hills. Precipit- 
ation is high and water levels are more easily maintained than in other 
habitats of the fringe region. Logging operations have reduced much of 
the forests to the second-growth stage. Aspen is the major tree species 
of both habitats and is readily available to beaver. The basin-like 
tops of the hills, especially in Pasquia, support some softwood vegetat-— 
ion. Beaver are especially abundant in the broad escarpments of these 
uplands. 

Pasquia includes Conservation Areas H-25, H-44, H-75, H-105 and the 
westerly extensions of H-101 and H-109. It is approximately 2,600 square 


miles in area. Porcupine, 2,700 square miles, includes H-100, H-102, 
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H-103, H-104A, H-104B, H-106, H-107 and H-110. 


Bronson (B) and Meadow Hills (MH) 


The topography of these two habitats, located southwest and south 
of the town of Meadow Lake, is gently rolling. Areas of muskeg and mixt- 
ures of grey wooded sandy loams and sands occur. The Bronson forest has 
more irregular topography, sands and peaty meadows, and a history of 
repeated forest fires. The fires have created almost exclusive second- 
growth vegetation consisting of aspen, white spruce and jackpine. The 
high availability of aspen favours beaver in Bronson. Logging operations 
in Meadow Hills continue to reduce the mature segment, although some 
mature forest still remains. 

Precipitation is lower in this area than in the eastern parts of the 
province (Appendix I). As a result water levels are not as well main- 
tained, and in dry years beaver are hard pressed to secure sufficient 
water in ponds. This is partially attributable to the poor water hold- 
ing capacity of the sandy soils. Some large lakes in the area act as 
reservoirs and help to maintain beaver populations. Areas of Bronson and 
Meadow Hills are 1,200 and 1,800 square miles, respectively. The Bronson 
habitat includes Conservation Areas M-40, M-41, M-45, M-47, M-49, M-49B 
and M-56. Areas included in Meadow Hills are M-52, M-54, M-55, M-58, 


M-60 and M-81. 


Mostoos Upland (Mo) 


This habitat has some very irregular topography, with altitudes 


reaching up to 2,500 feet, mainly grey wooded soils and some large areas 
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of muskeg. Hardwoods, aspen and birch are readily available to beaver 
along numerous streams and lakes. Water levels are maintained somewhat 
better than in areas immediately south. Conservation Areas included 

are M-37, M-38, M-38B, M-94 and N-21. A large section of the habitat 

is not available for trapping as it is used as an air weapons range by 

the Air Division of the Canadian Forces. This reduced the trapped portion 


to about 4,000 square miles. 


Prince Albert Uplands (PA) 


Grey wooded soils of primarily sandy loam texture, large areas of 
sand plains and huge muskegs are found in this habitat, a combination of 
a number of uplands. Forests with aspen as the major tree species occur 
sparingly. Jackpine on sands, and black spruce in muskegs and upland 
areas are common. In the southern parts of this habitat of 7,900 square 
miles, water levels drop to extremely low levels in dry years. Beaver 
have to hunt for supplies of aspen or locate in willow Saltx areas in 
creek bottoms. Conservation Areas included are P-l, P-2, the southern 
section of P-3, P-20, P-27, P-62, P-63, P-64, P-69, P-72, P-73, P-88, 
P-99 and M-53. Prince Albert National Park is located in this habitat. 


Beaver were not trapped in the Park during the study period. 


Cub (C) 


Sandy outcroppings and muskegs are common in this habitat of 3,100 
square miles which rises some 1,500 feet above the lowlands. Water levels 
are reasonably well maintained, probably chiefly because of increased 


precipitation in these uplands over that of surrounding areas. Large 
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areas of mature black spruce forest and some areas of fire-created 
jackpine regeneration have limited value for beaver. Willow, alder 
Alnus rugosa, white birch and jackpine contribute substantially to the 
diet of the beaver. Included in this habitat are P-65, the northern 
section of P-3, the Wapawekka Hills of N-5, and a small western part 


of N-35. The intensive study area is located in the Cub habitat. 


Hyper-Churchill (H-Ch) and Manitoba Lowland (ML) 


These two large lowland areas with elevations between 850 and 1,200 
feet and situated immediately south of the shield area, are characterized 
by poor drainage, muskeg or sandy soils, a predominance of conifer veg- 
etation, and little aspen. The Hyper-Churchill, 10,200 square miles in 
area, includes the western part of N-5, N-6, N-12, N-14, N-15, the south- 
ern part of N-19, M-13 and P-4. Areas included in Manitoba Lowland are 
H-101, H-109, N-28, N-31, N-86 and most of each of N-35, P-29 and P-30. 


This latter habitat is about 6,300 square miles in area. 


Churchill (Ch) 


Churchill, the largest of the beaver habitats, incorporating some 
27,400 square miles of the Canadian Shield of from 950 to 1,760 feet 
in elevation, encompasses the watersheds of the Churchill and Reindeer 
Rivers. Lakes, rivers and other water bodies are abundant and deep. 
The area was subjected to intense glaciation. Consequently soils are 
acidic, thin over rock and peaty in depressions. Some sand deposits 
occur and bedrock outcroppings are common. Conifer forests predominate, 


but some areas of second-growth with hardwoods exist that result from 
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periodic fires. In river valleys, around some of the lakes and on south- 
facing slopes, where more favourable conditions of soil and local climate 
exist, white spruce, balsam fir, aspen and balsam poplar form mixed 
stands of good growth. The following areas are included: N-7, most of 
each of N-8, N-9, N-11 and N-79 as well as N-16, N-17, N-32, N-33, N-34, 


N-71, N-74 and the southern half of N-10. 


Foster (F) 


I have tentatively divided Rowe's Coniferous Section into two hab- 
itats. The Foster is the more northerly portion. It differs from the 
Churchill in having a greater proportion of mature forest, mainly black 
spruce. Some areas of fire-created second-growth occur that include 
jackpine, birch and aspen. The habitat Peeides Nope? N-78 as well as 
the northern portions of N-8, N-9, N-10, N-11 and N-79; and is approx- 


imately 11,100 square miles in size. 


Athabasca (A) 


The large habitat of Athabasca, about 26,700 square miles with 
elevations between 600 and 1600 feet, consists of a broad lowland of 
sand plains supporting stunted jackpine, and poorly drained lowlands of 
black spruce. Lakes are either muskegy or sandy-shored. Hardwoods are 
not common and beaver are scarce. Areas included are N-18, N-22, N-57, 


N-80 and the northern half of N-19. 


Uranium City (UC) 


Although Rowe included this small area of 1,700 square miles in the 
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Northwestern Transition Section, I feel that significant variations 

from the forests of that section exist. The topography along the north 
shore of Lake Athabasca is extremely irregular. As a result water bodies 
are abundant and deep. In addition, the growth of aspen is favoured 
along the numerous southern-exposed hills. Consequently beaver are well- 
established and populations were high during the study period. Most of 


N-23 and a narrow strip north of Lake Athabasca in N-50 are included. 


Northern Transition (NT) 


A scarcity of hardwoods and long, cold winters render this area 
unsuitable for beaver. Populations are thinly scattered. The habitat 
of 22,600 square miles includes N-24, N-50, N-68, N-93 and the north- 


eastern portion of N-23. 


South-Saskatchewan (SS) 


The South-Saskatchewan includes that portion of Rowe's Mixedwood 
Section south of the beaver habitats (Fig. 2). This area is settled and 
farmed. There is a complex mixture of soils present, but generally the 
soils are more productive than those of the forested areas (Moss 1965). 


The poplars are very common throughout this region. 
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METHODS 


Determination of Harvest 


Numbers of beaver trapped and sold annually from each Conservation 
Area are calculated and published by the Statistics Division of the 
Saskatchewan Wildlife Branch. The raw data for these calculations are 
taken from fur-dealer returns which list numbers of beaver sold by each 
trapper. Harvest records for both the NFCA and the area of the prov- 
ince south of the traplines are complete for the seasons 1946-47 to 
1967-68. Adjustments were made where habitat boundaries did not fit 
Conservation Area limits. In such cases proportions of the harvest 
taken in each habitat were estimated. A more complete method would 
have been to use individual trapline harvests, but these were not avail- 
able for all Areas and years. 

Harvest per square mile of habitat was determined by dividing the 
mean of the yearly harvests for the 10 year period by the area. Area 
in square miles was calculated using a grid of squares on small scale 


maps. 


Determination of Population Trends 


Population trends were determined by utilizing the trappers' census 
and densities of beaver colonies on sample plots. 

The trappers’ census was the only technique that provided population 
estimates over all the northern forest in Saskatchewan. Trends in pop- 
ulation size in each habitat for the period 1963-64 to 1967-68 were det- 


ermined by summing the Conservation Area trappers' reports for each year. 
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If the census was incomplete in a given Conservation Area in any year 

the area was not included in the calculations. Resulting estimates 
provided trend information and not total numbers of beaver colonies. 
Census reports from the Athabasca were so incomplete that they were omit- 
ted entirely. 

Each trapper reported his census to a Conservation Officer in the 
spring after termination of winter trapping. The census in many cases 
represented the number of colonies observed, and probably trapped, during 
that winter. In some cases it may actually have represented a better 
estimate of the previous year's population than that of the following 
year. It was however the only practical method of obtaining a population 
estimate from the trappers, most of whom were away from their traplines 
during the summer months. It was used in this report to represent an 
estimate of population size for the succeeding year. 

Numbers dé tive colonies per square mile were determined from the 
plot surveys. Since this method (described in the following section) 
appeared to provide reliable counts, yearly densities of beaver colonies 
have been used in this thesis as an alternative source of estimating 


population changes in some habitats. 


Determination of the Accuracy of the Trappers’ Censuses 


Census checks were carried out in nearly all habitats during the 
years of actin This was a continuation of a program started in the 
early years of the NFCA program. Originally most of the checks were con- 
ducted on the ground. Investigators travelled on foot or by canoe, tal- 


lied live colonies along watersheds and compared such counts to the trap- 
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per's submission. By the 1960's some aircraft time was made available 
for this work. Most checks were made from Cessna-180 and Beaver air- 
craft during late summer and fall periods. Criteria for distinguishing 
occupied colonies from unoccupied ones were the presence of a freshly- 
mudded house or a feed pile. These methods were employed in various 
habitats up to 1965. 

A new method of determining the accuracy of the census was devel- 
oped in 1964 and applied in a number of habitats in 1965, 1966 and 1967. 
It was developed because the ground technique was too time-consuming and 
costly and the aerial method usually resulted in some colonies being mis- 
sed. The technique involved counting colonies in randomly selected plots 
2 miles by 2 miles in size. Counts were made independently but at the 
same time by two observers in one aircraft operated at an altitude of 
between 500 and 1,000 feet. Repeated passes were made over each section 
Olea plot Bnet observers were sure all live colonies had been located. 
At the completion of each plot tallies were compared. Discrepancies in 
colony number or location were checked out. The method was utilized 
during the period between leaf-fall and freeze-up which usually coincided 
with the month of October in northern Saskatchewan. 

Most survey plots were completed in the Churchill, Hyper-Churchill 
and Foster habitats and most of that work was carried out by personnel 


of the Department of Natural Resources at La Ronge, Saskatchewan. 


Determination of Colony Composition 


Numbers, sexes and ages of beaver in sample colonies were determined 


from both live-trapping and kill-trapping programs. Data for the Cub were 
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collected in the intensive study area and data for the Porcupine winter 
population were collected on the trapline of Peter Burym. Some additional 
live-trapping was carried out during summer months in Porcupine, Bronson 
and Foster habitats. Colonies were classified, according to the number 

of animals present, into one of the following types: family-group, pair 

or single-occupant. Family-group colonies contained adults and immatures, 


either kits or yearlings. 


Determination of the Dynamics of the Cub Beaver 


An intensive study was conducted in the Little Bear Lake area of Cub 
(Fig. 3) in which beaver at specific colonies were live-trapped, using both 
Bailey and Hancock traps, during September and October from 1964 to 1966. 
Traps were normally set during the afternoon and left until the following 
morning when they were checked. Beaver caught were measured, tagged in 
each ear with monel metal tags, style 1005, size 3 (National Band and Tag 
Company) and released. Circular, coloured plastic markers (Miller 1964) 
were attached to the tags to aid in recognition of swimming beaver and to 
enable trappers to detect tags on kill-trapped animals. Observations of 
beaver at night were made at some colonies. 

It was my intention to observe the histories of some colonies on the 
intensive study area and to evaluate kill-trapping results after the 
fourth winter of occupation. For that reason colonies were originally 
assigned year-class numbers to correspond to the initial year of occup- 
ation (example 1-63; colony established in 1963). Criteria used to place 
colonies in year-classes were observations of numbers and sizes of beaver, 


beaver "signs" such as amount of cuttings, food cache size, lodge size, 
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Figure 3. 


The intensive study area in the Cub habitat showing 
locations of beaver colonies live-trapped and/or kill- 


trapped between 1964 and 1967. 


1. Saskatchewan 
2. Prince Albert 


3. Location of study area 
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tracks, tooth marks; and estimated ages and numbers of beaver captured 
in live-trapping operations. For the purposes of this study it was not 
important to know whether a colony was present before the estimated year 
of occupation, as long as the colony was present since the year assigned 
as the initial year of occupation. 

Kill-trapping was conducted at such colonies during the fourth winter 
of occupation as well as at other colonies on the study area whose year 
of establishment was unknown. Kill-trapping on the intensive study area 
was delayed until spring each year so that information on reproduction 
and survival could be collected. Numbers, sexes, measurements and ages 


of beaver were recorded. 


Determination of Growth Rates 


Beaver from sample kill-trapping operations on the Peter Burym trap- 
line in Porcupine and from the intensive study area in Cub were weighed. 


Weights were recorded to an accuracy of 0.1 pound. 


Measurements of Reproductive Performance 


Field Collections 


Trappers, provided with instruction and collection material prior to 
the spring trapping operations, removed and collected complete reproduct- 
ive tracts from female beaver in the 4 years 1965 to 1968. Reproductive 
tracts were placed in plastic bags and frozen. Date of kill, location, 
site description and other pertinent information were recorded on labels. 


Trappers were reimbursed at the rate of $1.00 per tract. Collections were 
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made in 11 of the habitats as well as from the South-Saskatchewan. As 
an economy measure trappers were instructed not to collect tracts from 
all immature animals trapped. This was necessary since the bulk of the 
harvest consists of such animals. Conservation Officers and Game Manage- 
ment Officers of the Saskatchewan Department of Natural Resources assis- 
ted by organizing collections in their local areas and forwarding spec- 


imens to Prince Albert for examination. 


Ovary Examination 


Ovaries were fixed in Mossman's AFA, examined and preserved as 
described by Provost (1962). After fixation ovaries were sliced with a 
razor blade into transverse sections approximately 1 millimeter thick. 
The sections were not completely severed so that the overall form of the 
ovary would be preserved. Counts of corpora lutea of pregnancy were made 
macroscopically under a Lux-O-Magnifier Lamp. Numbers were recorded 
separately for left and right ovaries. After examination ovaries were 
stored in about 70 percent ethyl alcohol. 

Corpora lutea are creamy white in colour in ovaries fixed in AFA 
and are large and conspicuous. They are even-sized in one ovary. Appar- 
ently, luteinized non-ovulated follicles do not typically occur in beaver 
(Provost 1958). In addition, polyovuly does not appear to occur in 
beaver since numbers of fetuses were never in excess of numbers of corpora 
lutea in any beaver in this study. I am confident, therefore, that all 
corpora lutea were counted and that the counts are good estimates of the 


numbers of ova released. 
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Counts of Fetuses and Resorptions 


Fetuses in uteri were counted, removed and sexed when possible. 
Separate tallies were made for each side of the tract. Crown-rump meas- 
urements to the nearest 0.1 inch were made on all fetuses collected in 
1967 and 1968. Resorbing fetuses were noted. In those cases where 
resorption was nearly complete the site of resorption was marked by a 
dark spot, and a small amount of yellowish material was usually present 
at that spot. Extreme vascularization and enlargement during late preg- 
nancy probably resulted in scars of some early resorptions being missed 
in the count. During 1965, the first year of collections, some resorp- 
tions were probably missed due to my inexperience. For this reason data 


on resorption for that year have been omitted. 


Sex Determination 


Fetuses were sexed by macroscopic identification of the gonads which 
was possible only after about 30 days gestation. Sex was determined for 
live-trapped beaver beginning in 1966 when a holding cone (Whitelaw and 
Pengelley 1954) facilitated manipulation of live beaver in the field. The 
beaver sexing method of Rawley (1954) was used. 

Sexes of kill-trapped beaver were determined and recorded on coll- 
ection tags by trappers in a number of habitats. Since it had been de- 
termined that some Saskatchewan trappers guess at the sex of a beaver only 
those records were used that were submitted by trappers who were collecting 
reproductive tracts, who had become familiar with the internal sex organs 


of beaver and who collected mandibles from nearly all beaver trapped. 
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Age Determination 


Mandibles of beaver were collected by trappers during winter and 
spring kill-trapping operations in the 11 habitats from which reproductive 
tract collections were made. Mandibles and female tracts from the same 
beaver were stored together. Large collections from both sexes for age 
structure determinations were made from eight habitats. 

The dental technique developed by van Nostrand and Stephenson (1964) 
was employed in determining actual age of kill-trapped beaver. Criteria 
used to place beaver in age-groups were the advancement of closure of 
the root canals of the four cheek teeth and the number of summer and 
winter layers of cementum, primarily in the premolar. In the kit age- 
group the deciduous premolar is being replaced by a single-rooted pernm- 
anent premolar. In yearlings the characteristic criteria used are the 
completely open root canals of the cheek teeth and lack of cementum. 
Two-year olds have a significant cementum development and closure is well 
advanced. The first layers of cementum are deposited in the third year 
of life. The age of beaver over the 2-year old group was determined by 
counting the number of winter layers of cementum, characteristically a 
lighter colour than the summer layers, and adding 2 years to that figure. 

Van Nostrand and Stephenson based these criteria on dental devel- 
opment in 42 known-aged specimens from four locations in North America 
Confirmation of the accuracy of the technique has been provided by comp- 
arisons of the eee age and dental age of beaver in other areas (Larson 
and van Nostrand 1968, this study). The technique was also developed for 
use in the Soviet Union (Kleinenberg and Klevezal 1966). The technique 


has replaced the use of less reliable methods, some of which were rev- 
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iewed by Patric and Webb (1960) and compared to the dental development 
technique by Larson and van Nostrand (1968). 

Ages of live-trapped beaver were estimated using a combination of 
body weight and tail-width measurements as recommended by Rawley (1954). 
Ages of such beaver were recorded as kits (less than 1 year), yearlings 
(between 1 and 2 years), 2-year olds (between 2 and 3 years) and adults 
(over 3 years of age). This is the nomenclature recommended by Buckley 
and Libby (1955) and used by most authorities. Comparisons of estimated 
age with dental age after kill-trapping indicated that such estimates 


were highly reliable. 


Determination of Trapping Intensity 


During summer, 1967 beaver were live-trapped, tagged, sexed, aged 
and released in the Porcupine, Bronson and Foster habitats. Trappers in 
these areas, as well as areas in and around the intensive study area, 
were requested by letter to collect tags from kill-trapped tagged animals 
and forward them to their local Conservation Officer. To encourage the 


return of tags a payment of $1.00 was made per tag return. 


Statistical Analysis 


The distribution of Student's t was used to test for the signific- 
ance of differences of ovulation rates, fetal rates, weights and numbers 
of beaver in colonies. Sex ratios were tested using the Chi-square 
distribution. 

Ages of animals collected from the Foster habitat were biased since 


yearlings consistently outnumbered kits. It was apparent that trappers in 
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this remote, northern habitat were not collecting all kit mandibles 
presumably thinking that it was hardly worthwhile aging what was obv- 
iously a kit beaver. The exponential equation, Log Y = 1.8774 - 0.1127xX 
was computed from the remaining Foster age distribution. The ¥Y value 
for X = 1 was then calculated and that number was used for the kit age- 
group. The total was then adjusted. 

I considered differences to be significant when probability values 
were equal to or less than 0.1. Confidence limits were calculated at 


95% to conform to standard practise. 
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RESULTS 


Harvests and Population Changes 
The Harvest: 1946 to 1967-68 


Harvests of beaver in both Saskatchewan as a whole and the NFCA 
rose steadily to about the 1961-62 season and then began to decline (Fig. 
4). Major declines were experienced in the Pasquia, Meadow Hills, Mos- 
toos, Manitoba Lowland, Prince Albert Uplands, Churchill and Hyper-Church- 
ill habitats (Table 1). Harvests in the two habitats, Churchill and 
Hyper-Churchill, declined by over 10,000 animals during the period 1959- 
60 to 1963-64 (Table 1). Major harvest declines were in phase, occur- 
ring in 1963-64 and 1964-65. Most other habitats experienced somewhat 
lower harvests during that period. Harvests increased in all habitats 


in 1967-68. 


Population Changes: 1946 to 1963-64 


In the early years of the NFCA harvests were low (Fig. 4) suggesting 
a very low population size during that period. Gradual, but very sub- 
stantial increases in harvest during the 1950's suggests a parallel 
increase in the abundance of beaver. These observations indicated that 
the beaver in Pyennce ern forest were increasing in numbers from 1946 
to about 1960. 

Major declines in harvest size in some habitats in the 1960's sug- 
gested that the population was declining during that period in those areas. 


Generally a slight decline in numbers of colonies was reported by trappers 
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Figure 4. 


Harvests of beaver in Saskatchewan: 1946-47 to 


1967-68. 
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in those same habitats. Some checks along well-travelled water routes 
in Churchill in 1962 and 1963 showed the trappers’ census to be grossly 
over-stated. It appeared that trappers were reluctant to report fewer 
colonies because of expectations of lower harvest limits. There seemed 
little doubt that substantial reductions in the numbers of beaver oc- 


curred in at least Churchill, Hyper-Churchill and some other habitats. 


Accuracy of the Trappers' Census: 1964 to 1967 


The results of ground and aerial methods of survey (Table 2) in the 
Churchill, Hyper-Churchill and Foster habitats in 1964 and 1965 indicated 
wide variation in the accuracy of individual trapper's census. These 
surveys also revealed the presence of beaver in remote areas of Foster 
that were not censused and presumably were trapped lightly or not at all. 

The intensive plot surveys from 1965 to 1967 in the same three hab- 
itats suggested a general trend to greater under-estimation of population 
size during that period with the exception of Hyper-Churchill, where 
trappers continued to report more colonies than actual, at least until 
1967. Analysis of the raw plot data by Conservation Area showed that 
trappers in some Areas such as N-7 and N-9 were consistently accurate 
while trappers in others were consistently inaccurate. The plot surveys 
also revealed non-censused populations in remote areas of Athabasca, 


Uranium City and Northern Transition habitats. 


Population Changes: 1963-64 to 1967-68 


The trappers' census (Fig. 5) indicates that populations during the 


study period increased in Meadow Hills, Churchill and Hyper-Churchill 
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Table 2 Saskatchewan trappers' beaver census compared with ground, 


aerial and plot surveys: 1964 to 1967 


: Survey Trappers Survey P 
Habitat Area Year Type gare Gane Difference 
Churchill N-33 "64 G 38 66 +28 

N-8 (7) 64 G 0 14 +14 
N-11 64 G 12 12 0 
N-9 (5) 65 G 23 Ly - 6 
N-9 (13) 65 G 22 25 + 3 
N-8 (2) 65 G 27 aM) - 5 
N-79 (6) 65 G 6 5 - 1 
N-7 (3) 65 G 8 a - 3 
Grouped 65 P 119 134 +15 
Grouped 66 P 194 198 +4 
Grouped 67 P 168 235 +67 
Foster N-79 (7) 64 G 0 8 + 8 
N-79 (7) 64 A 0 9 +9 
N-11 (7) 65 G 0 10 +10 
N-78 (3) 65 G 18 13 - 5 
Grouped 65 E. 46 45 - 1 
Grouped 66 iy 63 73 +10 
Grouped 67 P 42 74 Stes 
Hyper- N-6 64 G 21 32 +11 
Churchill N-5 65 G 9 6 - 3 
N-5 (1) 65 G Zo 18 - 7 
Grouped 65 P 45 27 -18 
Grouped 66 P 50 32 -18 
Grouped 67 iy 36 44 + 8 
Athabasca N-19 66 P 10 6 - 4 
N-22 67 P 6 14 + 8 
Mostoos N-21 64 G oe 40 +18 
N-21 64 A if | 0 
M-37 66 P 8 16 + 8 
Grouped 67 P 50 64 +14 
Northern N-24 66 P 4 9 roo 
Transition 
Uranium City N-23 66 P 7 ae +14 
N-23 67 P 6 42 +36 
Bronson M-47&-56 66 P 20 2d, +727, 
P A Uplands P-72 65 A 118 180 +62 
P-36 65 A 54 SL - 3 
P-20 65 A 45 43 - 2 


Ee ee 
G=Ground; A=Aerial, other than plot; P=Plot (7)=trapline number 


Figure 5. 


Trends in population size as indicated by the trappers' 
census. Data indicate trends only. Some incompletely 


censused Areas have been omitted. 


a) Pasquia, Porcupine, Meadow Hills, Prince Albert 
Uplands, Manitoba Lowland, Mostoos and Northern 


Transition habitats. 


b) Bronson, Cub, Hyper-Churchill, Churchill, Foster 


and Uranium City habitats. 
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and were somewhat stable in Porcupine, Bronson, Cub, Uranium City, 
Northern Transition and the two Conservation Areas of Pasquia (H-44 

and H-105) for which complete census data were-available. Results of 
plot surveys (Table 3) indicated increasing populations in Churchill 

and Hyper-Churchill as well as a modest increase in Foster, and sug- 
gested a stable population in the Mostoos and Uranium City habitats 
between 1966 and 1967. A sudden decline in population size in Manitoba 
Lowland in 1965 followed by an equally rapid increase in numbers during 
1966 and 1967 (Fig. 5) was reported by the trappers of that area. Those 


estimates were not confirmed by surveys. 


Factors Influencing Harvests and Population Changes: 1946 to 1963-64 


In the very early years of the NFCA program rigid control over 
beaver trapping kept the harvest of beaver at a minimum. Beaver were 
a new commodity in many areas and trappers were slow to learn the methods 
of capture. Many trappers who did not have dogs in those years travelled 
on foot and carried little equipment and supplies. The relative ineffic- 
iency of the harvest during the first 10 years of the program contributed 
to the apparent unimpeded beaver population increase during that period. 

By the mid 1950's harvest limits became less restricting. Quotas 
were liberalized, seasons lengthened and trappers through their Area 
organizations and government education programs were becoming more know- 
ledgeable and efficient beaver trappers. Scattered occurrences of beaver 
die-off's in the mid 1950's prompted the further liberalization of harvest 
restrictions. The snare, the Conibear trap and tracked over-snow vehicles 


were introduced to Saskatchewan trappers in the late 1950's. Snow veh- 
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Table 3. Number of beaver colonies per square mile of habitat 


(calculated from plot survey results) 


Habitat 1965 1966 1967 
Churchill 0.80 (42)* OF 83260) 0.98 (60) 
Foster 0.59 (19) 0.65 (28) 0.66 (28) 
Hyper-Churchill 0.52. (13) O62 (13) 07852013) 
Athabasca 0.38 (13)** 

Mostoos 0.67 ( 6) 0.67 (24) 
Northern Transition O26. (8) 

Uranium City 0.88 ( 6) 0.88.02) 
Bronson Pelee) 


* number of plots in parenthesis 
** 1965 and 1966 data combined 
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icles rapidly became popular, especially in the southern habitats, and 
enabled larger areas to be covered and more traps to be set out. Harvests 
continued to increase. During this period a booming northern human 
population and a lack of employment resulted in more and more trappers 
taking to the field. This situation was soon followed by declines in 


harvest. 


Factors Influencing Harvests and Population Changes: The Study Period 


A number of Conservation Areas in Churchill and Hyper-Churchill 
were closed to beaver trapping in 1963-64. All Areas were opened to 
beaver trapping the following year, but quotas in most were small. This 
had the effect of discouraging some trappers during that period. About 
the same time mining operations started in the La Ronge area which fur- 
ther reduced the numbers of trappers operating in Churchill and Hyper- 
Churchill by providing alternative employment. 

Trappers in at least the Porcupine, Bronson, Meadow Hills, Cub and 
southern Areas of the Pasquia habitat remained active during the study 
period. Trappers in several areas of Manitoba Lowland in 1964-65 reported 
unusual numbers of dead beaver. This was accompanied by similar reports 
from adjacent areas of the province of Manitoba (D. Miller, Manitoba 


game biologist personal communication). 


Relationship Between Harvest and Population Change 


The years of largest harvests, the late 1950's were soon followed 
by unconfirmed, but seemingly substantial reductions in the numbers of 


beaver. During the period of study when harvest limits were reduced 
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in a number of habitats and harvests were correspondingly small, popul- 
ation increases were reported by trappers and confirmed by the plot 
surveys. Major declines in harvest in the mid-1960's and the popul- 


ation increases between 1965 and 1967 occurred in the same habitats. 


Harvest Per Square Mile: A Rating of Habitats 


The following grouping of habitats is based on the number of beaver 


harvested per square mile (Table 1). 


Beaver Harvested Per 


Square Mile Per Year Bao poe us 
Ge. 26 C, F, UC, A, NT, H-Ch Low 

0.25 - 0.49 Mo, Ch, ML, PA Mediocre 

G.p0n) 0774 MH Moderate 


(e758 70599 P, Py, B High 


Differences in harvest between habitats are a result of variations 
in beaver densities and trapper effort. For much of the 10-year period 
trapper effort was reasonably similar with the possible exceptions of 
the very northern habitats where effort was likely somewhat less. These 
variations in harvest are considered, then, to be primarily due to var- 
iations in population abundance which reflect habitat quality. These 


groupings will be referred to in this thesis as quality groupings. 


Colony Composition 


Colony Types 


Three types of colonies were found in live- and kill-trapping 
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operations (Table 4). The greatest proportion of colonies with one 
beaver trapped was found in the early summer live-trapping in Porcupine 
about a month following the termination of the commercial harvest. The 
majority of these colonies were probably single-occupant colonies (see 
section, single-occupant colonies). After 3 years of trapping in the 
intensive study area in Cub, the proportion of colonies with one beaver 
increased and the proportion of family-group colonies declined. The 
mean proportion of colonies with one beaver declined from summer to fall 
to winter period. The proportions of colony types did not vary signif- 


icantly between Porcupine and Cub during the winter period. 


Family-group Colonies 


The mean number of kits kill-trapped in colonies in Porcupine was 
significantly greater than in Cub (P<0.05)(Table 5). There were also 
significantly more yearlings in Porcupine colonies than in Cub colonies 
(P<0.05). Two-year olds were trapped at two family-group colonies in 
Porcupine where adults were present. This was not found in either live- 
trapping or kill-trapping in Cub. In addition, one colony in Porcupine 
contained three adults. The maximum number of adults found in Cub col- 
onies was two. The mean number of beaver kill-trapped per family-group 
colony in Porcupine was significantly greater than in Cub live-trapping 
(P<0.05) and Cub kill-trapping (P<0.01). In no cases were the ages of 


adults in family-group colonies separated by more than 3 years (Table 6). 


Pair Colonies 


In no pair colony trapped were the two beaver of the same sex 
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Table 4 


beaver trapped in various habitats 


Period 


Summer (Live-trapping) 


June, 1967 
July, 1967 
August, 1967 


Habitat 


Porcupine 
Bronson 


Foster 


Mean 


Fall (Live-trapping) 


1964 
1965 
1966 


Winter (Kill-trapping) 


1965 to 1967 
1967-68 


RE a a A eee 


Cub 
Cub 
Cub 


Mean 


Cub 


Porcupine 


Mean 


148) 


23 


46 


Number of Beaver Trapped 


2+% 


58.7 


175 


236 


9 


u 


61. 
33% 


43. 


Proportions of colonies with one, two and more than two 


4 


bY) 


* l=one beaver trapped; 2=two beaver trapped; 2+=more than two beaver 
trapped or presence of kits (family-group colonies) 
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Table 6 Ages of beaver in a) adult pairs of family-group colonies, 


b) pair colonies, and c) single-occupant colonies 


Pair 


Single- 
occupant 


?=observed only 


Habitat 


Cub 


Porcupine 


Cub 


Porcupine 


Cub 


Colony 
Number 


Age (estimated*,dental) 


Male Female 
5 3 
| 6 

rz bys 
al 9 
8 10 
7 5 
i. 7 
15 eZ 
10 11 
9 10 
9 7 
11 10 
ez 10 
2h 35 
25 6 
5 8 
9 6 
1s 25 
Adult* Adult * 
2% 23% 
f 235% 
2is% Qik 
11 4 
25 235 
phe Ls 
Abs 35 
Adult* 
35 
1s 
545 &6}5 
15% 
15% 
215% 
15* 
L5* 


* estimated from measurements at live-trapping 
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(Table 6). Two-year olds were present in eight of the 13 pair colonies. 
Yearlings were present in two pair colonies. The ages of adults in pair 
colonies were more widely separated than those of adults in family-group 


colonies. 


Single-occupant Colonies 


Some of the sites where one beaver was live-trapped in Porcupine 
had the following characteristics. The area flooded was small and shal- 
low. Lodges were newly constructed and tiny. Such characteristics 
suggested recent occupancy by one beaver commencing after spring break- 
up. Similar sites where one beaver was live-trapped were found in the 
intensive study area during fall months. Lone beaver were also trapped 
in previously occupied sites. 

Ages of beaver in single-occupant colonies indicated a preponder- 
ance of young animals (Table 6). Three yearlings and a 2-year old were 
trapped at the small pondsites in the Porcupine habitat during June, 
1967. In the intensive study area during fall two of the five single- 


occupant colonies were established by yearlings, the remainder’ by adults. 


Beaver of the Intensive Study Area 


During the live-trapping in the intensive study area 88 individual 
beaver were captured a total of 136 times. Eleven beaver were captured 
in each of 2 years. Only one beaver was captured in each of the three 


live-trapping programs. In the kill-trapping 74 beaver were taken. 


The history of some of the colonies of the intensive study area 
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between 1964 and the 1966-67 trapping season is illustrated in Figure 
6. Columns headed 64, 65 or 66 refer to fall live-trapping in those 
calender years. Columns headed 64-65, etc. refer to winter kill-trapping 
which removed animals from the population. Locations of these and other 


colonies cited in this section are shown in Figure 3. 


Number of Beaver in Colonies 


The mean number of beaver trapped at colonies in the intensive study 
area were shown in Table 5. The greatest number of beaver trapped at 
any colony during the period was six. In some colonies such as 1 (1964) 
and 13 (1964) where six beaver were live-trapped at each colony some 
additional animals were missed. The maximum number of beaver present 
at any one colony during the period of investigation was probably eight. 
Not more than three age-groups of beaver were present at one colony. 


Most family-groups appeared to number about five or six beaver. 


Movements of Beaver 


Movements of family-groups were common during the study period. 
Beaver were forced to move short distances either downstream or upstream 
to find suitable supplies of hardwoods for winter storage. An example 
of such yearly movements was colony 4-63, which moved downstream about 
400 yards in the summer of 1964, and another 1,200 yards in the summer of 
1965. Similar yearly movements were observed at many other colonies. 
Other family-groups such as 3-62, 5-62, 7-63 and 1-64 remained in the 
same general area, but shifted from one adjacent dammed area to another 


each year. 


Figure 6. 


Beaver at specific colonies in the intensive study 


area between 1964 and 1966-67. 


a) colonies 1, 13 and 2-62 
b) colonies 3-62, 2-63, 4-63 and 7-63 


= colony alive, but not trapped 
= colony dead 

= kit 

= yearling 

= 2-year old 

adult 

= trapped at another location 

= killed 


b< ‘S) ® @®02O0Ovd b> 
i" 


= estimated period of animal's presence 


i 
tt 
i} 


live-trapped 
K-t = kill-trapped 


TA 
OLONY NUMB 


G 
ERS 


42 


ni 


a 
aE le be 


ZF 


—_ 
. 
Ul 


- Bat ne 
a 2H30Myu va 


C © .3 é 
OF 


— 
ca o ax « 
1 : » 
7 eh i = 
Solel ieueiiiineesiaaiiaiies sae —— SE — a 


OP at I~} ’ OAT... rere. 
; : =>) 20-85 { 3 ~ ho ‘pe 2A 20MuUN ¥HOD 
: / : = ae 


- 

’ 7 

~ ‘ 
a, . 


(ey = = 
| | S ----—=+0 2 2 ae 


44 


The family-group present at colony 2-63 in 1964 was not at this 
colony-site in 1965 during the live-trapping nor were they at any other 


colony-site in the immediate area. A lone 2-year old was live-trapped 


and observed at night at the site in 1965. This animal was in the process 


of storing food for the winter. In 1966 the two adults had returned 
and produced a litter of three kits (Fig. 6). In my opinion nie family 
was not present in the study area in 1965. 

A number of tagged family-groups moved out of the area including 
1-63, 30 and the second family at colony 1. Colony 1-63 was established 
in 1963 and two adults and a kit were tagged in fall, 1964. In fall, 
1965 the site was not occupied despite the fact that the colony had not 
been trapped. In fall, 1965 two kits, a yearling and an adult were 
trapped and tagged at colony 30. These beaver had not been at this site 
in 1964. The colony was not trapped in 1965-66, but the site was not 
occupied in fall, 1966. 

In 1965 a new family-group of adults and kits moved into colony 1 
(Fig. 6). The origin of this group is unknown. In 1966 only one member 
of this new group was present at colony 1 even though the colony was not 
kill-trapped the previous spring. Beaver "signs" at the colony-site 


suggested that not more than one beaver was present. 


Emigration of Immature Animals from Parental Colonies 


At most colonies live-trapped 2 years in succession, and not kill- 
trapped, some of the original kits were missing during the second fall. 
Calculated frequency of dispersal from five colonies was 60 percent 


of the original kits. It is unlikely that these yearlings were merely 
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absent from the colony during the period of live-trapping which was 
conducted during the month prior to freeze-up. Animals returning to 
winter with their parents would have to do so before freeze-up. In 
addition, two yearlings, originally tagged as kits in 1964 were trapped 
on adjacent traplines during the 1965-66 season. They were beavers 
55,56 of 3-62 and 60,61 of 2-62 (Fig. 6). Thus both of these animals 
had left cheats parental colonies in their second summer of life. Both 
had travelled between 50 and 75 miles to get to the locations where they 
were kill-trapped, assuming their routes were by water. 

Animals captured as yearlings were never recaptured at the same 
colony the following year (Fig. 6). Obviously those immatures that spent 
two complete years with the family-group left the parental colony during 


their third summer of life. 


Survival and Loss of Young Beaver on the Intensive Study Area 


Beaver are born at or shortly after spring break-up, which occurs 
normally in mid-May in the intensive study area. The open-water period 
in the area is about 5 months in duration, from about mid-May to late 
October. At ten colonies that were live-trapped during one of the three 
fall periods and kill-trapped the following spring, 28 kits were known to 
have survived to the fall. Assuming that the birth rate at these ten 
colonies equalled the mean of the Cub habitat for that period (2.88 per 
female, Appendix III) a survival of 97.3 percent is indicated. Loss, 


then, during the first 5 months of life is low. 
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At the same ten colonies 22 kits were kill-trapped during the March- 
April kill-trapping when they would have been about 10 to 11 months of age. 
Some kits may have been missed in the spring trapping. Minimum survival 
during the period October to March-April was 81.5 percent. Maximum loss 
was 18.5 percent during the winter prior to the spring trapping period. 

At six colonies live-trapped during 2 consecutive years in which 
kits were present during the first year, and at which no kill-trapping 
took place during the winter of the first year, six of 15 original kits 
were caught. This is a minimum survival of 40.0 percent of the number of 
kits alive at 5 months of age during the period 5 months to 17 months 
of age. Since I have already calculated a loss of 18.5 percent during 
the period from 5 to 11 months of age, calculated loss during the second 
open-water period was 41.5 percent (60.0 - 18.5). Loss during this latter 
period includes both mortality and emigration. It has already been shown 
that some enamels in their second summer of life dispersed from parental 


colonies in this area. 


Years of No Reproduction 


Since neither kits in 1965 or yearlings in 1966 were present at 
colony 4-63 it appears that no litter was successfully raised in 1965. 
Similarily, at colony 2-63 the absence of the family-group in 1965 and 


of yearlings in 1966 is strong evidence that no litter was raised in 1965. 


Kill-trapping and Colony Composition 


At colony 13 (Fig. 6) and at another colony in 1963-64 the adult 


male was removed in late-spring kill-trapping, but the adult female 
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was left. Both females should have been bred prior to removing the male. 
In subsequent trapping operations during the following year both females 
were captured. They both appeared to be without kits. 

Single-occupant colonies were established by beaver originating from 
colonies that were kill-trapped. One of the original yearlings of colony 
1 was trapped in a small single-occupant colony in 1966 at a location about 
1 mile distant from the parental colony. Its age was established at 3%-4 
years following its removal during the 1966-67 trapping season. The adult 
female at colony 13 appeared to remain as a lone occupant for 1 year fol- 


lowing removal of most of the original family. 


Harvest Following the Fourth Summer of Colony Occupation 


At six colonies established in 1962 or earlier the number of beaver 
kill-trapped in-1966 averaged 3.0 per colony. The mean harvest in 1967 
at three colonies established in 1963 was 4.7. This is a harvest equiv- 


alent to 1.2 beaver per colony per year. 


Some Spring Observations at Colony 2-63 


At colony 2-63 virtually all the water had disappeared by February, 
1967. Observations during kill-trapping in March and April showed that 
the lodge was not being used as it had been left high and dry and exposed 
to the cold winter air beneath the ice. Signs of feeding around the food 
cache were present but were limited. Inspection of the pondsite after 
trapping ended in May showed that the beaver had constructed small burrows 


in the exposed dam. Bankruns were not present at this colony. 
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Four of the five beaver originally tagged at the colony-site during 
the preceding fall were kill-trapped following refilling of the pond by 
melt water during the warmer days of early May. Examination of the preg- 
nant female showed the presence of four fetuses about three-quarters 
developed. This female had raised two young at the colony-site in 1964 
and three young in 1966. In addition, body weights of the beaver were 
maintained. The adult female had gained 1 pound since being weighed in 
September and the two kits that were kill-trapped had a combined weight 


increase of half a pound. 


Growth 


Mean weights of Porcupine beaver kill-trapped in spring ranged from 
17.5 pounds for kits to 49.3 pounds for the 5 to 8 year age grouping 
(Fig. 7). In Cub mean weights increased from 14.3 pounds for kits to 
41.1 pounds for the 9 to 12 year grouping. Two animals older than 12 
years in the Cub sample averaged 32.8 pounds suggesting a decline in old 
age. Mean weights of beaver from Porcupine were significantly greater 
than those from Cub in all age-groups (at 90 % in 3% comparison). Over- 
laps of weight ranges occurred between all consecutive age-groups in 


both habitats. 


Reproduction 
Ovulation Rates 


Four-year mean ovulation rates of beaver ranged from 5.27 + 0.61 
in the South-Saskatchewan to 3.00 + 0.63 in the Uranium City habitat (Fig. 


8 and Appendix II). Mean ovulation rate of all 398 counts was 4.56. 
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Figure 7. 


Body weights of beaver by age in the Porcupine and 


Cub habitats: sexes combined 
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Figure 8. 


Ovulation rates of beaver in 11 NFCA habitats and 


the South-Saskatchewan. 
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Ovulation rates were highest in the southern, high quality habitats 


and lowest in the low quality habitats of Cub, Foster and Uranium City. 


Fetal Rates 


Four-year mean fetal rates ranged from 5.20 + 0.56 in South-Saskat- 
chewan to 2.50 + 0.61 in the Uranium City habitat (Fig. 9 and Appendix 
III). Mean number of fetuses for all 503 counts was 4.09. The signif- 
icance of the differences between mean fetal rates are provided in Table 
7. Superimposing the harvest rating on Table 7 showed the following re- 
lationships: differences were highly significant between the high and 
low quality areas, and between the one moderate quality habitat and the 
low quality habitats; differences between the high and mediocre quality 
areas were significant; differences between high and high, mediocre and 
mediocre and low and low were not significant. The South-Saskatchewan 
had a mean fetal rate significantly greater than all other areas (differ- 


ence between SS and P significant at 90 2%). 


Prenatal Mortality and Resorption Rates 


There was no significant difference between the number of fetuses 
over 1 inch in length and those less than 1 inch in length (P<0.9). 
About two-thirds of all fetuses collected were over 1 inch in length. 

I, therefore, consider fetal rates to be good estimates of the number of 
young born. The difference between the number of corpora lutea and the 
number of viable fetuses is considered prenatal mortality. 

Prenatal mortality ranged from 6.7 percent in Manitoba Lowland to 


28.1 percent in Mostoos (Fig. 10). The highest losses in Prince Albert 


av 


Figure 9. 


Fetal rates of beaver in 11 NFCA habitats and 
the South-Saskatchewan. 
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Figure 10. 


Prenatal mortality and resorption rates of beaver 


in 11 NFCA habitats and the South-Saskatchewan. 


Prenatal mortality was calculated from all beaver 
with complete corpora lutea and fetal counts: 1965 
to 1968. 


Resorption was calculated for all pregnant beaver 


during the 3 year period, 1966 to 1968. 
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Uplands and Mostoos might be related to the small samples from those 
habitats. Mean prenatal mortality for each of the SS, high, moderate, 
mediocre and low quality habitat groupings were, respectively, 6.9, 11.3, 
11.7, 14.0 and 15.8 percent. Thus, mean prenatal mortality varied 
inversely with habitat quality. Higher prenatal mortality in the low 
quality habitats was related to higher losses from resorption in those 
areas (Fig. 10). Resorption rates varied from 1.8 percent in South- 
Saskatchewan to 13.8 percent in the Uranium City habitat (excluding hab- 


itats of 0 resorption). 


Pregnancy Rates 


No pregnant kits were trapped in any habitat (Table 8). Calculated 
pregnancy rates of yearlings were probably higher than actual since trap- 
pers did not collect tracts from all immature animals trapped. Generally, 
pregnancy rates of 2-year olds were lower than those of adults. About 
two-thirds to three-quarters of the 2-year olds in the high quality hab- 
itats were producing young. Pregnancy rates of adults in most habitats 
were between 85 and 95 percent. The Uranium City habitat was an except- 
ion where the rate was 71.4 percent. There is some suggestion that female 


beaver over 12 years of age breed less frequently. 


Variations in Reproductive Performance Between Years 


While the differences in fetal rates in one habitat were generally 
not significant between years there were some trends suggested (Appendix 
III). The Bronson fetal rate remained remarkably steady. Between 1966 


and 1968 fetal rates declined in the Churchill and Foster habitats. In 
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Pasquia and Porcupine fetal rates were highest in 1966. Some trends 

in prenatal mortality were recorded (Appendix V). The Bronson rate 
declined yearly between 1965 and 1968; and the Churchill rate increased 
yearly during that period. Pregnancy rates appear to have remained rel- 


atively stable and high during the years of study (Appendix IV). 


Relationship of Environmental Factors to Reproductive Performance 
Latitude and Reproductive Performance 


Comparisons of fetal rates between habitats in this study (Fig. 9) 
indicated a general decline with increases in latitude, but there were 
exceptions to that general rule. For example, the Churchill rate was 
greater than that in a number of more southern areas. 

Fetal rates of beaver from various areas in North America (Table 9) 
suggest that there is an optimum latitude for high reproductive perform- 
ance at least in the western states; and in western Canada and Alaska 
fetal rates declined with increases in latitude. There did not appear 
to be any correlation between latitude and fetal rates in eastern North 
America, but a much smaller range of latitudes was represented. Highest 
fetal rates were recorded in such widely separated areas as central Sask- 
atchewan, central Alberta, Pennsylvania and Minnesota between latitudes 


45° and 54° North. 


Winter Diet and Reproductive Performance 


The preferred foods of beaver are well known and require no refer- 
ence support here. Aspen and balsam poplar, the two members of the 


preferred genus in central and northern Saskatchewan were readily avail- 
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Table 9 Fetal rates of beaver in various areas of its North American 


range: arranged in increasing latitude 


* includes placental scars, fetuses and young born to captive feaales 


*k includes some placental scars 


Investigators Area Period peat aes 
Western North America 

Huey (1956) New Mexico 1955 36 Dah 
Grinnel et al. (1937) California 1937 14 2a7 
Rutherford (1964) Colorado 1954-59 176 Shee 
Osborn (1953) Wyoming 1948 22 2.9 
Leege and Williams (1967) Idaho 1953-56 244 3.4 
Leege and Williams (1967) Idaho 1962-64 28 eae 
Provost (1958) Washington 1951-56 115 5.0 
Hammond (1943) North Dakota 1942 18 4.2 
Pearson and Flook (1958)* PANP Sask 1954-58 24 oye) 
Pearson and Flook (1958) EINP Alberta 1958 8 6.3 
(This study) Saskatchewan 1965-68 503 Aad 
Novakowski (1965) northern Alta 1960-65 9 Bed. 
Hakala (1952) Alaska 1951 au ZnO 
Eastern North America 

Henry and Bookhout (1969) Ohio 1966-67 16 4.8 
Brenner (1964) Pennsylvania 1959-62 24 bie: 
Bond (1956) Vermont 1950-56 58 41 
Benson (1936) Michigan 1935 21 Be9 
Bradt (1938) Michigan 1935 29 ator 
Longley and Moyle (1963) Minnesota 1941-51 110 Died 
Hodgdon and Hunt (1955)** Maine 1947-50 2 3.6 
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able to beaver in the southern high quality habitats and in the South- 
Saskatchewan. Tallies of woody plants utilized in Porcupine and Bronson 
indicated that the poplars formed a very significant part of the diet 
of beaver in those areas. Litter sizes were highest in the high quality 
patentee 

Observations of foods utilized and stored in food caches in Cub, 
where the forests were primarily climax black spruce of 100 to 150 years 
of age or second-growth jackpine on burns, showed the use of white birch, 
willows, alders, jackpine and black spruce as well as the poplars. One 
food cache in Cub contained a large amount of labrador tea Ledum groen- 
landtcum. I also observed beaver feeding on that shrub in Cub. During 
live-trapping in Foster during summer, 1967 tallies of beaver stumps 
suggested the most commonly used food was white birch. The utilization 
of rhizomes of water lilies Nuphar vartegatum was commonly reported on 
collection labels by trappers in the more northern habitats where hard- 
woods are presumably restricted because of the long, cold subarctic 
climate. Reproductive performance was lowest in these low quality hab- 


Cats, 


Climate and Reproductive Performance 


The following observations were noted when yearly reproductive 
performances were compared to climatic data (Table 10) for the four 
habitats with ieee collections. 

1. There was no correlation between reproductive performance and 

mean winter temperature. Neither the mild winter of 1967-68 


or the cold winter of 1964-65 had any demonstrable effect on 
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Table 10 Climatic records and reproductive performance of beaver 


in four habitats 


Summer Mean ; 
Habitat Year* Rain en Rinten aoa eae ee Getta 
Cie) ins Temp .° F** te te te 
Pasquia 1964-65 16.0 sy iit + 5.9 ay ey) ee 5 100.0 
1966-67 iri S| 77.0 + 6.2 5.30 4.50 95.8 
1967-68 iiss) 90.7 +13.8 5.00 4.48 S522 


Porcupine 1 GRSGSIe LORO MS TMIMIRS AQUEROGMA.54.. 90.6 
CTA GM bee each sph Ciara) CPL 
1:96 626 TAREAISHO A077 LOMNEO R26 OAT lakes diting Giu8 
eyGeen ence Lipa eakeas hyena eal on Sieee 
Bronson NGC Se LS ase TTL ot 67 aaa 100.0 
LIGSUGGAMeL SMB AQ7K7. LOMB e207. 9428 FeN00<0 
e667 8 928 38S eo Ou Aree gd 87d 
TOGI-68%.. TON OCS eTISt0 | hey 7. 423308038 


Meadow LOGLEG Steck sSmmaswOm eaves eee 489N925 08) 10080 
Lage 1965-66 15.8 37.7 +10.3 4.75 4.10 88.9 
NOEGEE7 Ota s anes e+ 9,3) 64570800450.) eer eS 
ngé7268 “ 70) "60.3. 418.0" 3.86 3764.” “90L0 


ee Seeene te fee alt Cees es SS eee ES 
* year starts in May 


*k for 6 month period November to April 
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Snow=all snow during winter 

-=no sample 
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reproductive performance. 

2. In all four habitats the greatest ovulation rate followed the 
summer of greatest rainfall, but in only Pasquia and Porcupine 
did highest fetal rates follow that summer. 

3. In both Pasquia and Meadow Hills lowest fetal rate followed 
the winter of least snow and lowest temperatures, but this 
relationship did not hold in the other two habitats. 

4, Pregnancy rates were lowest following the summer of drought 
in both Pasquia and Bronson, but not in Porcupine and Meadow 


Hills. 


Population Density and Reproductive Performance 


Comparisons of reproductive performance and population density 
were made in the two habitats (Table 11) where numbers of beaver colon- 
ies per square mile were determined by the plot surveys and where reprod- 
uctive tract collections were made. In both cases lower fetal rates 
were associated with denser populations. The differences in fetal rates 
were not significant but trends were suggested. 

Comparisons of fetal rates with colony size (Table 12) showed that 
the observed mean number of fetuses was lower in larger colonies in 
Cub and Porcupine but differences were not significant. In Porcupine 
both females in the pair colonies were young beaver, 2% and 345 years of 
age; and were therefore expected to produce somewhat smaller litters 
(see Fig. 11). This might have masked the effect of smaller colony size 


in the latter area. 


ae 1 .sgemIetieg 4 uae 


Si owollot oany aolse tive jesisoxg arta as i nike! f x 
2HlquoTod bes olvpast ylao ef aud. tiwtatns 1850¢ati@ ‘Ns ‘tome 
Xe 
tamnve sed5 wol tot rower Igtet taodein bib 
oSswollot sost Jews? teawol allih wodbsst hie phupes? died ab 


eins tod , sede rveques- teswol br we Jessi 10 sesmtw sds 


| | an 
. *B28¢iGad ows teiso oda at blod son Brb qidaqgotasisy:: — 
SAgvos 


| a 
o3 3easwol stsw easier ili otis ‘§ 


AISQUIIO AE 264 +on = bas &rupesd ii sd nt and 


 ° SOURTOTISS svisovborqed bas yo teved Hol Salaga 
7 be ‘on 


siugqGog ime garemrtotsg svitoubor rqsyx Fo sacs aqmng 


4 r 7 
«is a ~— a x . ’ ‘ ¥, a a t 
ayia st 3 aie aed 8-5" {Va ue 3¢ $f ¥ 


J b he 6 .~ ‘ ei m73s336 J293W & Lier stsupe > +e 


: o 
r 2. 2h 7 
69383 i639? tewol asaes dood at .: 62 JisY aaotjvelloy soap eek 
a ¢ 
Tai 
eeset [ade oi aosneTs?3}h oct -S90ljJaivqog yeecsh dike bstajoosse oF 


% 


«bajeegare sise chasxa aud Srholticnuksa 


is 
sea bowers (81 side?) te vaolod dihw estes f4sa% Jo anoe hrs 


, Sle oe 
ml setaoloo reytKl af tawof esw esate? Fo tedmwn mar haw reado 


saiquoted ot .insothingte son ato esone7o1TLib. jad sHkquoret tm 
oS ra . ; “ 
to atasy He bow, x ,toveod grugy 239% wabaqias beara | ons nk ee 9) 


cad 

<a 7 

ereI2il tel Lawme radwanoe swihiog Qa beiomgne, selena pe 
7 


sein Wastes wel Lame sel 19et39 ‘sda bslean eved algae an 


7 . 


ee, a 
eM 


8 


Table 11 Beaver density and fetal rate (Mean + 95% CL) 


Year Churchill Foster 

Density* Fetal Rate Density Fetal Rate 
1965-66 0.80 3.90 + 0.92 0.59 8. 50rte02 92 
1966-67 0.83 87 68a2y¥ 0057 0.65 24:57 St0 14 50 
1967-68 0.98 5.00. 90794 0.66 2.83 + 1.40 


* colonies per square mile 


Table 12 Colony size and fetal rate (n in parenthesis) 


ee ee 


Beaver per Fetal Rate 

eae ny Cub Porcupine 
Beers 
2 35,007 (4) 3.50 (2)% 

ops) 2.0/9) 

6-10 25 50m 3C2) 3340 ato) 


* both females were young (see text) 
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Age and Reproductive Performance 


Comparison of age and fetal rate of beaver of the Porcupine hab- 
itat (Fig. 11) indicated that females between the ages of 5 and 8 years 
averaged the greatest number of fetuses. Yearlings, breeding for the 
first time, and females over 10 years of age had the smallest numbers of 
fetuses. The Porcupine was selected for this comparison because it was 
the area of largest samples. 

In the Pasquia in 1967 one 14-year old beaver had three fetuses 
and a 16- or 17-year old had only one, after having resorbed a fetus. 

In 1968 in the same habitat, a 19-year old was the only barren individ- 
ual in a collection of 15 beaver. The ovaries of that 19-year old cont- 
ained four regressing corpora lutea of ovulation. 

The relative importance of various age-groups to the breeding port- 
ion of each population is shown in Table 13. Actual breeder proportions 
represent the percentage of total pregnant animals in each age-group 
collected in one habitat. Potential breeders are all females minus kits. 
Potential breeder proportions were taken from age ratio data on the 
basis of a 1:1 sex ratio. 

Yearling proportions of actual breeders were low in both the high 
and low quality habitats. Such proportions were highest in the Meadow 
Hills, Churchill and Mostoos habitats. This suggests that yearlings 
were breeding more frequently in, at least, some of the moderate and 
mediocre peiiears than in either high or low quality habitats. In ad- 
dition, yearlings were considerably less available in the low quality 
habitats compared to the high quality habitats. This further suggests 


that yearlings may have been breeding more frequently in relation to 
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Figure 1l. 


Age-specific fetal rates of the Porcupine beaver: 


1965 to 1968 data combined. 
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Table 13 Comparisons of actual female breeder proportions to 


potential breeder proportions in various habitats 
Pe ari ee ee ee ee ee ee 


Habitat 1s 25 4-8 Sd do 


Ss 13% ) 15.4 61.6 Dae. ) 
P 99 6.1%% 15.2 57.5 sane: 4.0 
49.9 16.3 21.0 10.4 Do] 
Py 110 eas 8.2 68.2 16.4 a) 
44.5 1255 31.3 9.0 27 
B 96 6.3 20.8 59.4 LT 4 a) 
37.0 20.8 36.2 4.9 123 
MH 40 17.5 17.5 52.5 10.0 2.5 
38.5 23.8 29.0 5.6 ew] 
Ch 35 14.3 dink 51.4 val 0 
37.0 1621. 38.2 6.1 2.5 
ML 8 0 1235 62.5 25.0 a) 
PA 14 eal 9.1 54.6 1842 9.1 
38.6 2959 31.4 5.8 T3 
Mo 10 40.0 0) 50.0 10.0 70 
Cc 25 8.0 0 60.0 3250 9) 
30.7 eG) 3307 9.9 4.1 
F 19 5.3 10.5 rhe 10.5 0 
Dis 18.1 Te BGT 8.2 2.5 
UC 10 ) ) 100.0 0 0 


* number of pregnant animals collected 
** actual _ proportion of all pregnant animals 
potential § proportion of potential breeders (all females-kits) 


GJ enoliyoqoxg teis 


Stsiided suckrsev 


on ane et 


te ea oe Sa 


fe 


| dis . 
es mr asta Fis) 8 


vs) 


va 


66 


their availability in low quality areas than in high quality areas. 

Two-year olds formed between 0 and 20.8 percent of breeders in 
various habitats; and were breeding in about equal proportion to their 
availability in most habitats. 

In all habitats over 50 percent of the females with fetuses were 
between the ages of 4 and 8 years, even though these animals formed 
relatively low proportions of potential breeders. There is a suggestion 
that these animals formed somewhat lower proportions of actual breeders 
in relation to their availability in the low quality habitats. 

Animals over 12 years of age formed small proportions of total 


breeders. 


Body Weight and Reproductive Performance 


Body weights (Fig. 7) and fetal rates (Fig. 9) were both signif- 
icantly greater in Porcupine than in Cub. 

In Cub fetal rate increased with increasing body weight (Table 14). 
Differences between the means were not significant, but regrouping and 
comparing fetal rates of those beaver with body weights of 45.0 pounds 
and over with those of 40.0 pounds and less gave a significant difference 


(P<0.05). Age did not seem to introduce a bias. 


Minimum Breeding Age 


As indicated in Table 13 yearlings were breeding and producing young 
in most habitats. On March 8, 1965 a pregnant 6-year old female was 
removed from colony 1 on the intensive study area. The adult male was 


not captured; and on March 22 a yearling female was trapped. She was an 


24938 YOtlaup dpbsl ai sl eneza yabinep at ied Bs 


dol ds % 
xt ereheerd to susoTeq a. Cf bre 0 neousad benno’ TWeey-owl 


: + oo A 
afd of nolivogerq, Leauge ayeds rt os one ow ceed 


exe sitghatl be eatine | nl t 


st3W ssautel titiw esiemct sia to inesteq O¢-Tevo epeckded Els 


rr 
~~ 
. 
‘ 


alsnies geedd sigvods neve ,eresy 8 a ‘ i eage ads | reswy 
forsee 4iife 65 ei steqT -ersieend ‘f: tos q 70 snoksrcqorg wait els 


/- 
postd -lauaos 0 anultzoqeyq 1awol janwomon bens? elemine seoda 3. 
= + ‘ 


-BIst bead yahinuy wol « nl ystitdaltavse rhed3 of ‘noko sion at 
: } aad . ' ee 
- leso3. 30 enotstogerq Ifmmt beercot sge to avady SI yeve oa 
7 ¥; 


=} 


sonauict1e4 sviandPsagel bes tigiei ben J 
. 7 : ) 


iF 
7 


~ttngae ajod gyawe(@ .gii) eescx inte2 baz. (¢ ar ST: igtow \ ybot t 


. ¥ * " a r 
‘GUS oi cent sotquezet at reIse7g ri: 
c e 
od ‘ am a 
-(@I sider) rilg tow bod gokesetoni iviw bsiasront 9392 aes 0 al 
vs 
i 7 7 ye a 4 
S48 gubqvorgss ud eInsothkag!a 300 9358W espe en? — escasist 
- : 


ebawog 0.20 to asdgtew ybod ditw tevasd 4eon3 20 eéaax iste? yale 
eorevettth gaeattiogte 6 svag saal bas Bbeuoy 0.04 Yo saads fd : 
-@aid s sovborgat of wsese soa bib op me 

ante. 


at : Te 


pt S 
anuo nes bas aubboaad Live et of 
oe Set nant pagel 


Table 14 Body weights and fetal rates of Cub beaver 


Weight Fetuses 

Range n x range eee 

Beier e 3») 3 2.33 cas 2. 0c 
Boein— 40.0 4 2.50 Z=o Oss Le 
40.1 - 45.0 5 2.60 1-4 GF .o7 10,12 


ti ielp—» oO, 0 2 3.67 Site 4,8,10 
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unusually large animal for a yearling, with a body weight of 36 pounds. 
The uterus had enlarged and appeared to be preparing for implantation. 
No corpora lutea were noted. The yearling had not been captured during 


the October live-trapping although two others were (Fig. 6). 


Periods of Conception and Birth 


Comparisons of fetal development between habitats (Fig. 12) suggest 
that conception and time of birth occur later in northern habitats than 
in southern habitats. Assuming a period of about 2 weeks post-ovulation 
before fetuses are visible most breeding appears to take place about mid- 
February and most births about mid-May in the southern habitats. The 
wide range of fetus size during most collection periods indicate a cor- 
responding wide range of conception time in both the southern and northern 
habitats. First occurrences of visible fetuses in southern habitats 
indicate that some beaver breed in late January and others as late as mid- 


March. 


Sex Ratios 


Fetal sex ratio, 50.5 percent males, was about balanced (Table 15). 
Few cases of resorption were found in fetuses large enough to be sexed. 
Fetal sex ratio is therefore considered an accurate measure of secondary 
sex ratio. During summer live-trapping a slight excess of males was 
found in animals in their first 2 years of life, but adult females out- 
numbered adult males in the trapped sample during the summer and fall 


periods. 


At 22 colonies live-trapped both adults were captured at nine col- 
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Figure 12. 


Scatter diagram of mean fetal lengths from eight 


habitats in 1968. Habitats are listed from south 
to north. 


MEAN FETAL LCENGTH (CIN) 


ya) eae 
© PORCUPINE & 
& PASQUIA 
B BRONSON ped Nh 
6.0 @ MEADOW HILLS ‘ 
& 
© CUB 
9 CHURCHILL 
® 8 
mo FOSTER ree 
BO © URANIUM CITY = 
8 
@ 
Vv 
2) 
a r 
4.0 
ek 
e@ @ 
@ e x 
Sue) wo 
@ 
0 
a @ 
@ e 
o 
a 
210 
& re) 
 ] 
| 4B 
ac pee 
1210) a a 
a 
e} a Q 
@ 
t 
(sje) a 
@ 
@ 


8 tDieee. a0 7 14 21 28 4 11 Lee 25 
| I | | | | I | | | 
14a— 21 28 6 oe Or res 3 10 17 24 1 


Poewe: MARCH APRIL 


PERL D BOR sco BLE @ TT LQiN 


is 

Vv a ae : 
| 2HISUSHO® * 

Aivo2as @ 


v< 

wr 
6 

_ 


re 


a bi voevone @ 
242s wogaam > Caine 
| 73 6 
1 oRbHO « 
pe RaeT20R oO 
ri> MOMWASY ® 
. * o 
: ‘ > 
: Oe = 
Pei agit 
a ijeced £ 


Os 
oa 
* 


Seo424*0 & 
> 


WO\TISLIGD 30 Gomes 


he 

ia 
x 

On) 


‘ ] AL Bs, ‘ i : - | 
ao | a4 ee ; aiid mi hi i 7 7 i 


70 


pednor3s sq[npe x 


cye0°0L (TS) O0°Z72 (O9GT) Seve (601) S278 (CCM) 9295 . (997) EOS. CI¥s) Eels (19qUTM) [TRIO] 
(so) 0°0V— (0Z.) o°0S— (8 _) or0s ze4s0g 
tS )e/"/ (32) SSvo (V7) Biya (le) 9565" (0G) £95 (0S) oor @ Cost) ees qn9 
( )e/*99 (/ ) Gzve(Zl.) &Sce (OR) GOL nm (Ve) L°S€ CO) Bove (OSE) 0°29 STITH Mopeoy 
ia) 1:0 0 (9) Te CVA) 8°SY (LZ) yey (ode) Sez9 6CSSE) Sc (TOT) 4e/5 uosuoig 
CY) 0°00 (61) V7’ ive (SE) Cova (9%) SSE (CZ). 5-96 -(69.) wees = (yal). GF 9s sutdnoi0g 
i )e te (Oc) Gore (Sc ) Oreve (Th) w9e 2 (cz) 9°¢69.- (78) OF:0S a (0dT) Gezs etnbsed 
193UTM 
“(Cc ) Sib Cl) G8 (6) Gels =(82Z.). 9265 (a‘ a‘ 4a‘9) 
AowuINs 
(060) 8S" 0S pednoay 

+€T 71-6 8-S 7-5E €-2:7 e-KL 1-% Teed 
dnoi3—93y qeqATGeY 


(seTew ¥%) sjzeiTqey snoTieA ut AeAe|eq Jo SOTJeA XoS AejUTM pue JOWMINS *TeJe_ CT PTIeL 


7 - 2 _ 


j ™ ae hd ae =. i ~ =i oe 
baquorg sg tube > 


iit 


onies. There did not seem to be any particular order of capture indic- 
ated at these nine colonies; at four of the colonies both adults were 
captured the same day. However, at the remaining 13 colonies where one 
adult was taken, it was a female 11 times. These data suggest that the 
adult male may have been absent from some of the summer colonies. The 
alternative explanation is a trap-selection for the adult female. 

Kill-trapping records showed more kit males trapped than females. 
When the data were classed according to the habitat groupings (page 35) 
kit males significantly outnumbered kit females (P<0.05). An analysis 
of the order of capture of kits in kill-trapping on both the intensive 
study area and the Peter Burym trapline showed that there was no bias 
towards either sex. Males were caught first 13 times and females 14 times. 

Sex ratio of kill-trapped yearlings was 1:1, and that of 2-year olds 
was slightly biased towards males although the difference was not signif- 
icant. 

In adult beaver from 34-4 to 12 years females were more often trapped 
than males. Grouping the data showed a significant difference at the 80 
percent level. An analysis of the order of capture of kill-trapped adults 
on the two areas showed that females were more often trapped first. 2At 
26 colonies where both adults were trapped the adult female was trapped 
before the adult male 18 times. This difference is significant at the 
80 percent level. This suggests a trap-selection for the adult female 
and may explain the biased adult sex ratios. This would result in an 
excess of adult males at some point in the population; and in fact, more 
males 13 years of age and older were taken in the harvest (P<0.2). In 
addition, on the two study traplines at five colonies where both of the 


adults were 10 years of age or over the combined age of the males out- 
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numbered the females by 5 years (Table 6). 


Age Structure 


Approximately 5, 10 and 10 percent of all beaver trapped in the 
NFCA were collected and aged during 1965-66, 1966-67 and 1967-68, resp- 
ectively. In most habitats the same trappers were collecting each year 
and a variety of trapline locations were involved. With the exception 
of the Foster trappers, those trappers who participated appear to have 
collected mandibles from virtually all the beaver they trapped. Samples 
of the harvest should be representative of the harvest as a whole. 

In Saskatchewan trappers are permitted to place traps or snares in 
lodge entrances. Generally the trapper makes an effort to locate all 
entrances and to block or insert a trap in each one. The first beaver 
passing through is caught. This method was used in kill-trapping 
colonies on the intensive study area and the Peter Burym trapline. An 
analysis of the order of capture by age (Table 16) showed that kits, 
yearlings and adults were caught first in about equal proportion to their 
availability. From these data I conclude that there is no age bias in 
kill-trapping. Age structures of beaver in harvests are judged to be 


good estimates of actual population age structures. 


Variations of Age Structure Between Habitats 


The proportions of kits in the harvest varied from a high of oR AS 
percent in Pasquia to 23.4 percent in Foster when age structure over the 
3 year period was averaged (Fig. 13). Yearling proportions ranged from 


24.3 percent in Churchill to 18.6 percent in Foster. Two-year olds varied 
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Figure 13. Age structures of the beaver harvest in eight NFCA 
habitats: 1965-66, 1966-67 and 1967-68 harvests 


combined. The Foster data were adjusted (see 


Methods). 
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from 6.5 to 15.2 percent. Adults varied from 16.3 percent in Pasquia 


to 34.2 percent in Foster. 


Variations of Age Structure Between Years 


The raw data on which this section is based are shown in Appendices 
VII to IX. In Bronson, the habitat from which the largest collections 
were made, the proportion of kits remained relatively stable, varying 
only between 45.3 and 53.1 percent. This corresponded with the stable 
yearly fetal rates (Appendix III) of that area. The proportion of kits 
in 1965-66 and the proportion of yearlings in 1966-67 were low in both 
the Pasquia and Manitoba Lowland habitats. The fetal rate in Pasquia in 
1965 (Appendix III) was the lowest of the 4 years. In the Manitoba 
Lowland the low kit proportions 1965-66 followed by 1 year the trapper 
reports of beaver mortality and corresponded with the decline in popul- 
ation size as suggested by the census (Fig. 5). The following year the 
kit proportion was 60.8 percent. This was the year of rapid population 


increase as reported by the trappers. 


Survival and Mortality 


Survivorship curves (Fig. 14) using Pasquia and Cub as representat- 
ives of high quality and low quality habitats, and cumulative mortality 
rates (Table 17) of beaver in eight habitats were calculated using the 
Dynamic Life Table method of Eberhardt (1969). This method assumes a 
stable population, a requirement that was not met in all habitats in the 
current study. Populations were increasing, at least in the Meadow Hills 


and Churchill areas, with a modest increase suggested for Foster (Fig. 5 


i 


Figure 14, 


Survivorship curves of the Pasquia and Cub 
populations: 1965-66 to 1967-68 data combined. 
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Table 17 Cumulative mortality rates of beaver in eight NFCA 


habitats 
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and Table 3). 


Calculations of mortality by this method also do not include mort- 
ality of kits during that period prior to the trapping season. The only 
estimate of mortality during that period is the 2.7 percent calculated at 
ten colonies in the intensive study area. This bias will be discussed. 

The survivorship curves indicate that mortality was highest in both 
areas during the first 2 or 3 years of life and somewhat lower in the 
adult age-groups from about 5 to 9 years and high again in old age. 
Cumulative mortality rates (Table 17) indicate that population turnover 
is much faster in the high harvest habitats. Mortality during the first 
year of life in Pasquia was double that of the Foster beaver. Mortality 
after 6 years of life in Cub and Foster was equal to mortality in Pasquia 
after only 3 years of life. By the time beaver reach the age of 10 years 
in the southern high quality habitats only three of an original 100 


survive, and only five or six in any of the habitats. 


Observations of Mortality From Causes Other than Trapping 


Every spring during or soon after break-up there are sporadic reports 
of dead beaver. In spring, 1965, however, trappers from a number of areas 
especially in and around the Manitoba Lowland habitat, reported finding 
many dead beaver. Game Management Officer, F. W. Terry conducted a pre- 
liminary survey in the Beaver Lake area in June and found an additional 
nine dead animals. Carcasses were too far decomposed for examination 
and none were submitted for autopsy. In July I accompanied Terry on 
another survey. We did not find any dead beaver, but we did collect six 


beaver by trapping. Subsequent autopsy by the Saskatchewan Department 
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of Agriculture in Regina indicated these beaver contained no known path- 
ogens. 
Remains of two dead kits, that might have been killed by predators, 
were found on the intensive study area. A mandible, a portion of the 
Reb ceh geet and some hair were found in the snow during the spring melt 
near colony 3-62. Position of the remains in the snow indicated a winter 
death. The other, found at a colony in the northern part of the study area 
after the spring melt, appeared to have died the preceding fall judging 
by its dental development. Only the mandible of that beaver remained. 
Lynx Lynx canadensts scats were associated with the latter remains. 
Occasional examination of wolf Canis lupus scats in the field showed 


that beaver were being utilized by wolves on the study area. 


Trapping Intensity 


First year rates of recovery of tagged beaver in the Porcupine, 
Bronson and Foster habitats were 29.2, 50.0 and O percent, respectively 
(Table 18). First year recovery rates in Cub varied from 8.0 to 40.9 
percent and second year rates from 10.8 to 16.0 percent. Third year rates 
were 8.0 and 8.1 percent and the one fourth year rate was 2.7 percent. 
Even though trappers in the intensive study area were directed to colonies 
with tagged beaver, only 45.9 percent of the animals tagged in 1964 were 
subsequently trapped in the 4 succeeding years of harvest. Since trappers 
in the intensive study area were directed to specific colonies, calcul- 
ated recovery rates are probably biased upwards and do not represent a 


measure of trapping intensity for the habitat as a whole. 
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DISCUSSION 


The Effect of Harvest on Population Change 


The large harvests of the late 1950's and early 1960's, the sub- 
sequent declines in harvest and the increase in population size following 
years of low harvests suggested that trapping had been a factor limiting 
beaver population growth. This seemed to be especially true in at least 
the large Churchill and Hyper-Churchill habitats where populations were 
increasing rapidly between 1965 and 1967 (Table 3). I believe that the 
increases in numbers of beaver in these two habitats can be directly 
related to the closure of a number of Conservation Areas to beaver trap- 
ping in 1963-64 and the low quotas in subsequent years. 

Other investigators have commented on the effects of trapping on 
beaver populations. Longley and Moyle (1963) reviewed the history of 
the "Beaver Trade" in North America and along with others (Johnson 1927, 
Swank 1949) pointed out that extermination of beaver from the eastern 
United States in the 1700's and 1800's was a result of the intensive 
quest for beaver by trappers. Fuller (1953) reported beaver. populations 
were reduced in the Fort Providence area of the Mackenzie District by a 
combination of destructive forest fires and heavy trapping pressure. 
Pozzo and Stephenson (1963) remarked that beaver populations on Michip- 
icoten Island in Lake Superior were kept low in the 1920's and 1930's 
by poachers. Restrictions on trapping are generally credited for the 


return of beaver to most North American areas following the hey-days of 


the Fur Trade. 
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The Regulation of Beaver Numbers in Colonies 


Although only two habitats were sampled adequately, there seemed 
to be sufficient evidence indicating that greater numbers of beaver were 
maintained at colonies in higher quality habitats. Observations in this 
study that supported the above suggestion were the greater numbers of 
beaver at colonies in Porcupine versus Cub including more kits, yearlings 
and 2-year olds at family-group colonies, and the dispersal of yearling 
animals from parental colonies in the low quality habitat of Cub. I sug- 
gest that the greater number of beaver at colonies in Porcupine reflected 
the greater availability and quality of the food resources, that carry- 
ing capacities of colony-sites were greater in Porcupine than in Cub, and 
that the beaver adjusted their numbers accordingly. The chief mechanism 
of that regulation were variations in mean litter size between the two 
areas and the apparent greater frequency of dispersal of immature animals 
from parental colonies in the low quality areas. 

The dispersal of yearlings from parental colonies in their second 
summer of life is not a well known phenomenon. Since Bradt (1947) showed 
convincing evidence for the dispersal of 2-year olds in their third summer 
of life, it has been generally accepted that beaver remain for at least 
2 complete years at the parental colony. There have been, however, 
observations made by other investigators that support my contention that 
yearling dispersal occurs and that it is important as a method of regul- 
ation of beaver numbers at colonies. 

Semyonoff (1951) working with beaver introduced into unoccupied hab- 
tats in the Soviet Union, found that beaver did in fact leave parental 


colonies during their second summer of life. He further pointed out 
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that it was in areas of lower-quality habitats that this emigration 
continued for the longest time. In Michigan, Bradt (1938) intensively 
trapped one colony of beaver over a period of 6 years. For 3 consecutive 
years in a row the number of beaver at the colony was maintained at 12. 
This was accomplished by variations in the number of young born earh year 
and by the number of immatures dispersing from the colony. In one year 
when six kits were born, six immatures left the colony. Four of these 
were 2-year olds and two were yearlings. My analysis of the data of 
Townsend (1953) and Leege (1968) showed that some yearlings emigrated 
from parental colonies in their second summer of life in both areas. 
Neither investigator related the emigration to habitat type. 

That this regulation is related to food availability or quality of 
the habitat is supported by the observations of Rutherford (1964). He 
trapped to "extirpation" colonies in two habitats. He found a mean of 


5.1 beaver in colonies in aspen areas and a mean of 4.5 in willow areas. 


Habitat Quality and Types of Colonies 


It was shown that single-occupant and pair colonies were mainly oc- 
cupied by yearlings and 2-year olds (Table 6). Thus, given a greater tend- 
ency to dispersal of immature animals in low quality habitats there should 
be more single-occupant and pair colonies in such areas. This, however, 
was not the case (Table 4). An alternative explanation is that more 
intensive trapping in high quality habitats fragments family-groups and 
results in more single-occupant and pair colonies. Direct support for 
this idea comes from the observations of colonies in Porcupine a month 


or so after the kill-trapping had terminated. Single-occupant colonies 
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were common during that period (Table 4). Bradt (1947), Patric and Webb 
(1953) and Hodgdon and Hunt (1955) all reported single-occupant and pair 


colonies. 


The Regulation of Reproduction 


The suggestion, in this study, of a direct relationship between 
litter size and the proportion of preferred foods in the diet, is sup- 
ported by observations of other investigators. In Colorado, Yeager and 
Rutherford (1957) and Rutherford (1964) have related habitat and diet to 
fetal rate. In cottonwood-willow habitats of less than 5,000 feet elev- 
ation the mean fetal rate of 40 beaver was 4.4; in aspen-willow habitats 
between 6,000 and 8,000 feet the mean fetal rate of 87 females was 2.7; 
and 49 females averaged 2.3 fetuses in aspen-willow habitats over 8,000 
feet. These workers concluded that "less rigorous winters, greater avail- 
ability, and presumably higher food quality at the lower elevations are 
reflected in higher productivity." 

In New Mexico, Huey (1956) found a relationship between kinds of 
food and number of young produced by beaver. He found an average of 2.06 
fetuses per female where willow was the principal food; 2.74 in cottonwood 
areas; and 4.20 in aspen areas. Longley and Moyle (1963:31) in Minnesota 
stated, "it seems likely that much of the high productivity reflects good 
food supplies, especially aspen." 

The variations in prenatal mortality (page 55) suggested that the 
effect of diet on reproduction is not totally at ovulation. In Colorado, 
Rutherford (1964) also found that prenatal mortality varied between hab- 


itats. He recorded 9 percent loss in high quality habitats at low elev- 
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ations, 13 percent loss in medium elevation habitats and 25 percent in 
poor habitats above 8,000 feet. 

All of these results support the theory that reproduction of beaver 
varies directly with quality of habitat, particularly with availability 
and presumably quality of the preferred foods. Similar relationships 
have been suggested in studies of other mammals. Cheatum and Severinghaus 
(1950) in New York found ovulation and fetal rates of white-tailed deer 
Odocotleus virgintanus highest in habitats they considered to be of high- 
est quality, as did Taber and Dasmann (1958) for Odocotleus hemtonus 
columbtanus in California. Edwards and Ritcey (1958) thought that high 
twinning rates of some moose Alces alces in British Columbia were a result 
of higher quality pastures at higher elevations. Pimlott (1959) found 
a higher twinning rate of moose in Newfoundland in an area where the 
vegetation was of high nutritional value than in an area of lower quality. 
Going one step further, Verme (1969) in studies of penned white-tailed 
deer found a greater fawning rate in deer on high energy diets. 

The direct relationships of increasing latitude and litter size, as 
shown in some mammals by Lord (1960), was not found to hold for beaver 
in Saskatchewan or in North America as a whole. For a review of supporting 
and opposing evidence to Lord's hypothesis the reader is referred to 
Sadleir (1969a). 

The inverse relationship between litter size and both number of 
beaver in colonies (Table 12) and colony density (Table 11) suggests a 
density-dependent mechanism. There is little evidence from other beaver 
studies that either support or oppose this finding. Pearson and Flook 
(1958) compared litter sizes of beaver in Prince Albert and Elk Island 


National Parks (Table 9). In PANP they observed small litters in a dense 
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population with a mean of 8.2 beaver per colony. The habitat in PANP 
was over-utilized and a density-dependent control mechanism was postul- 
ated. 

Sadleir's (1969a) review of density and reproduction indicated a 
varying relationship between litter size and stage of population cycle in 
microtine rodents, quoted a number of observations of inverse density- 
dependency in non-cyclic species and noted Errington's (1963) findings 
of direct density-dependency in the muskrat. It is probably safe to con- 
clude that reproductive density-dependency has been denonstrated for 
many species and is normally inverse in relationship as was suggested 
for beaver in this study. 

The lack of relationship between mean winter temperature and litter 
size (Table 10) is worthy of further examination. The observations made 
at colony 2-63 (page 47) where both reproductive performance ana bay 
weights were maintained during at least 2 months of critical conditions 
provide evidence that beaVer are able to adapt successfully for long 
periods to situations of low environmental temperature without the exces- 
sive loss of body energy reserves. Novakowski (1967) recorded what he 
foeetderea to be extremely reduced activity of beaver during winter in 
colonies he studied in northern Alberta. He reasoned that beaver made 
use of colonial behavioral traits such as huddling which reduced energy 
iinevel during periods of low temperature. The small burrows and lack of 
Sevivicy at 2-63 suggest the beaver huddled for much of the 2-month 
period. 

Aleksiuk and Cowan (1969a), from measurements of body weight, fat 
reserves and thyroid activity, have postulated a low level of metabolic 


activity in beaver of the Mackenzie Delta, NWI, during winter, Further 
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to that, in laboratory experiments, they (1969b) demonstrated a decline 
in food intake and activity of northern beaver under decreasing light 
conditions. This was not found with southern beaver. They suggested, 
therefore, that an inherent mechanism of adaptation to periods of low 
energy availability existed in northern beaver. 

If extra energy had to be used to maintain body temperatures during 
long, cold winters insufficient energy for the production and growth of 
fetuses might result. Such a situation could conceivably cause higher 
prenatal mortality. This apparently did not happen in the Saskatchewan 
beaver during the cold winter of 1964-65. All of these results suggest 
that winter temperature has little influence on reproductive performance 
of beaver. 

The fact that ovulation rate was highest in all four areas follow- 
ing the summer of greatest rainfall, and that pregnancy rate declined 
somewhat in two of the habitats following the drought year, suggests 
that reproduciive performance of beaver might depend, in part, on water 
levels. Increased rainfall could have had an indirect 
eta on reproduction through the production of extra growth of food 
plants of perhaps higher nutritional value. It may be significant that 
pregnancy rate was lowest in 1968 in Bronson. Of the four habitats exam- 
ined, this habitat is probably most susceptible to water losses during 
drought years because of its southwestern location and its sandy soils. 

The relationship between age and litter size (Fig. 11) has been 
observed in other mammals such as white-tailed deer (Eberhardt 1960) and 
moose (Simkin 1965). 

Since body weights and fetal rates were both significantly greater 


in Porcupine than in Cub, I believe that both body weight and reproduct- 
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ive performance of beaver are influenced by the quality of the habitat 
as suggested by Rutherford (1964). Gill (1956) found that size of deer 
and the fawn:doe ratio were both highest in certain habitats and lowest 
in other habitats in West Virginia. 

Other investigators have found that litter size varies with body 
weight. Both Poole (1960) and Lloyd (1963) found ovulation rate varied 
directly with body weight of Oryctolagus cuntculus, and Kalela (1957) 
found highest fetal rates in Clethrtonomys rufocanus in animals of 
largest body weight. Litter size of beaver of the intensive study area 
also appeared to vary directly with body weight. It seems apparent 
that body weight has a definite influence on reproduction of the above 
species; and that body weight, in turn, is dependent on habitat quality 


and probably heredity. 


The Breeding of Yearling Beaver 


Bailey (1927) concluded that beaver may breed at 1% years, and 
Osborn (1953) found 21.2 percent of "Ssub-adults" (his weight data suggest 
that these were primarily yearlings) were pregnant in Wyoming. Benson 
(1936), Bradt (1947) and Brenner (1964) all claimed a minimum breeding 
age of 245 years. Provost (1958:44) found, "that most female beaver in 
Washington are not physiologically capable of breeding until they reach 
a body weight of between 30 and 35 pounds."" He concluded that most 
female beaver do not begin breeding until the third season following their 
birth, but that some probably do breed in their second year. Provost 
further remarked, "that a good deal of the discrepancy among various 


authors concerning the minimum breeding age of beaver probably stems from 
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a lack of uniform and accurate criteria for determining age in these 
animals.'' Methods commonly used before 1964 depended on such characters 
as body weight and pelt size. 

Following the development of the dental aging technique more 
accurate estimates of minimum breeding age have been made. Larson and 
van Nostrand (1968) showed that some beaver in Maryland and Nova Scotia 
were sexually mature at 15 years of age. Henry and Bookhout (1969) 
also found a minimum breeding age of 1% years for Ohio female beaver. 

The results of these recent studies are similar to those of this study. 
Analysis of yearling breeding is probably not simple. Provost's 
suggestion that a certain body weight must be reached before initial bre- 
eding can successfully occur has support from Sadleir (1969b). Provost's 

30 to 35 pound requirement for successful initial breeding would appear 
to hold for the Saskatchewan range. Most yearlings in the low mectite 
habitats have not reached that weight range (Fig. 7). This probably 
explains the low incidence of yearling reproduction in those areas (Table 
13). Most yearlings in the high quality habitats have reached that 
weight range (Fig. 7), but yearling reproduction was, nevertheless, still 
not common. If I am correct in assuming that yearling dispersnt occurs 
less frequently in high quality habitats, then the presence of a dominant 
adult breeder at the parental colony could discourage yearling reprod- 
uction. Out of hundreds of colonies checked, only two pregnant animals 
were found in each of two colonies. 

This social pressure acting against yearling reproduction might not 
have been as effective in some of the moderate and mediocre habitats, 
such as Meadow Hills and Churchill, where rapidly expanding populations 


and high yearling breeding were indicated. 
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In some areas trappers take only a portion of the beaver present 
at a colony. The observation of apparent yearling selection by the adult 
male following the loss of the adult female (page 66) could explain some 


yearling female reproduction. 


Productivity 


Kit proportions of the population at harvest time are used in this 
study as an estimate of productivity. 

There is a general belief among trappers that primarily large 
animals will be captured if traps are placed a considerable distance 
from the lodge. In many North American areas trappers employ that method 
and others to ensure that as few kits as possible are caught. This is 
so because kit pelts are worth much less than those of larger beaver. 
In such areas or where regulations require trappers to place traps a 
certain distance from the lodge, harvests may not be representative of 
the population. 

In Alaska, Buckley and Libby (1955) thought that age structures 
from harvest collections were not representative of the true population 
age structure, but they attributed this to the fact that trappers were 
retaining young beaver for their own use and were marketing only the 
large animals because of the much greater value of their pelts. Larson 
(1967) assumed a trap bias existed, but he did not indicate in which 
direction the has would act. lLeege and Williams (1967) assumed age 
ratios in the harvest in Idaho equalled population age ratios. In Ohio 
Henry and Bookhout (1969) used age structures to calculate juvenile mort- 


ality. They assumed ratios in the harvest equalled population ratios. 
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Since there were no restrictions on trap placement in Saskatchewan 
during the study period and no particular age was selected in the harvest 
(page 72) kit proportions in harvests are considered unbiased measures 
of productivity. 

The high kit proportions in all three of the high quality habitats 
indicated populations of very high productivity. This reflected the 
reproductive performance of the beaver of those areas. High productivity 
was probably maintained by the removal of large portions of the populat- 
ion each year in commercial trapping operations. 

The somewhat lower productivity of the beaver of the moderate and 
mediocre habitats and the much reduced productivity of the beaver of 
the low quality habitats reflected the lower reproductive performance of 
the beaver of those areas. 

The age composition of Maryland beaver from 1962 to 1966 was 27.3 
percent kits, 17.5 percent yearlings, 24.4 percent 2-year olds and 30.8 
percent adults (Larson 1967). Populations of seemingly low productivity 
were also found in Idaho by Leege and Williams (1967). In that study 
kit proportions varied from 20 percent in commercial harvests to 24 per- 
cent in summer and fall live-trapping. 

The composition of an Ohio population in 1966-67 was 41.6 percent 
kits, 16.4 percent yearlings, 9.6 percent 2-year olds and 32.4 percent 
adults (Henry and Bookhout 1969). The productivity of that population 
ressembles that of the Meadow Hills beaver in this study. 

Earlier estimates of productivity may not be as reliable because 
less reliable aging techniques were used. Hodgdon and Hunt (1955) in 
Maine, using pelt measurements as an indicator of age, found 3/7 percent 


kits, 16 percent yearlings and 47 percent 2-year olds and adults. These 
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proportions apparently agreed very closely with estimates made from 
colony observations. A population of moderate productivity is indicated. 
Longley and Moyle (1963) estimated ages from skinned carcass weights 
and reported 37.7 percent adults, 36.8 percent yearlings and 25.6 percent 
kits. The low proportion of kits in the harvest suggests low productiv- 
ity, but this does not agree with the high reproductive performance of 
the Minnesota beaver of that period (Table 9). Measurements of reprod- 
uction were probably better estimates of productivity than age structure 
in that area because of the aging technique used. 

These studies suggest that the beaver of the Pasquia, Porcupine 
and Bronson habitats had as high a productivity as has been recorded for 
beaver. The level of productivity in those areas during the study period 
may have approached the upper limit of productivity of a beaver populat- 


ion. 


The Sources of Mortality 
Trapping 


Trapping was obviously a major mortality agent in most habitats 
during the study period. The recovery data from the intensive study 
area must be considered inconclusive for reasons already given. However, 
the recovery of only 45.9 percent of the 1964 tagged animals does suggest 
that other sources of mortality are important in that area. The import- 
ance of mortality from trapping in the southern, high quality habitats 
was demonstrated at least in the high l-year recovery in Bronson. More 


work is required to more completely quantify trapping mortality. 
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Predation 


Since predation on beaver by wolves in this study was not measured, 
its importance can only be estimated. Beaver remains aecurred in: 7 
percent of 420 scats in the Rocky Mountain National Parks of Canada, but 
17 percent of the summer scats collected in that study contained beaver 
remains (Cowan 1947). Nash (1951) reported observations of wolves stalk- 
ing beaver in northern Manitoba and the occurrence of beaver hair in wolf 
scats. He concluded that the wolf was an important predator of beaver 
in that area. Beaver constituted the second most important wolf food 
on Isle Royale, Lake Superior where they occurred in 10 percent of 438 
scats (Mech 1966). In Ontario, Pimlott (1967) found beaver represented 
7 percent of the food items in 1,435 scats and were the third most common 
food item of wolves in Algonquin Park. In one area of Ontario, Pakesley, 
beaver were the most important food and were present in 59 percent of 
206 scats collected (Pimlott, Shannon and Kolenosky 1969). 

All of the above observations with the possible exception of Cowan 
were made in habitats similar to that found in northern Saskatchewan 
where one or two ungulate species are the most important food of wolves. 
While no direct evidence of wolves killing beaver were Shaerted in the 
Saskatchewan studies, it should be noted that I did not specifically set 
out to record such information. It would be naive not to include the 
wolf as an important predator of beaver in areas where wolves and beaver 
are common. 

Wolf populations were almost non-existant in Bronson and Porcupine 
during the study period and were reduced in Pasquia and Meadow Hills 
by continual wolf poisoning programs. In all other habitats the wolf 


was common throughout the study period despite wolf poisoning. Wolves 
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probably did not control beaver numbers in any habitat, but where trap- 
ping was not intensive, losses to wolves might have been significant. 
Other potential predators of beaver in northern Saskatchewan besides 
the wolf are the coyote Cants latrans, black bear Ursus americanus, 
lynx, otter Lutra canadensis and woverine Gulo luscus. Attempts by black 
bears to dig into colonies were fairly common in northern Saskatchewan. 
Other investigators have suggested that the bear is attracted by the 
wimpering of new-born kits and attempts to dig such litters out (Swank 
1949, Nash 1951). Semyonoff (1951) reported observations of other Soviet 
investigators of bear, lynx and otter predation on beaver. Saunders (1963) 
found beaver remains in lynx scats in Newfoundland; and Packard (1940) 
reported coyote predation on beaver. The wolverine may occasionally take 
beaver. This mustelid has been so reduced by trapping and poisoning in 
Saskatchewan that it now occurs only sparingly in the very northern parts 
of the northern forest. These five predators undoubtedly do take some 
beaver in the northern forest, but numbers taken are probably low compared 
to losses to wolves. However, they do contribute to mortality from 


predation. 


Disease 


Beaver die-offs are well-known phenomena and have been reported from 
most of the beaver's range. Such die-offs were especially common in the 
1940's and 1950's in North America (Jellison, Kohls, Butler and Weaver 
1942, Stenlund 1952, Ruttan 1953, Banfield 1954 and Rutherford 1964). 
Connell (1956) reviewed the results of examinations of beaver specimens 
collected from Manitoba, Saskatchewan and Alberta during the early 1950's. 


His summary indicated the presence of Pasteurella tularensis and P. 
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pseudotuberculosis in the beaver of the three prairie provinces. Tul- 
aremia was also isolated from animals in Ontario, Minnesota and Colorado. 
The only die-off reported in the northern forest during the study 
period occurred in the Manitoba Lowland habitat and surrounding area in 
1964-65. Losses from disease were therefore not common during the study 


period and disease is judged a minor mortality agent. 


Others 


Pelts from the first year's harvest on Michipicoten Island, Lake 
Superior were so heavily scarred that fur buyers were reluctant to bid 
on them. Pozzo and Stephenson (1963) attributed the scars to intra- 
specific strife in that population, believed to be the densest ever re- 
corded. While scarring of pelts was occasionally noted in Saskatchewan 
harvests, fighting was probably not an important mortality agent during 
the period of study. 

Some deaths due to starvation, old age, accidents and perhaps expos- 


ure and parasitism must occur. 


Variations in Survival and Mortality 


The high survival of beaver during the first summer as found in this 
study has been noted elsewhere. Rutherford (1964:10) writing of first 
year mortality of beaver in Colorado, stated "certainly some postnatal 
and juvenile mortality occurs, but it is believed that this will rarely 
exceed 10 percent of the total number of young born." Bradt (1947) found 
low mortality of beaver during the first summer of life. He noted that 


the mean number of kits live-trapped per colony in the fall was practically 
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equal to the mean number of fetuses observed in uteri. These results 
suggest that survival of beaver during the first few months of life is 
very high. 

In this study calculations of mortality did not include losses of 
kits during the first few months of life. Subsequent comparisons of 
mortality between habitats would be biased if kit survival varied. Since 
trapping is not conducted during the summer and there did not seem to be 
any other major mortality agents besides predation, predation is probably 
the only mortality agent that might have varied significantly between 
habitats during the summer period. Results on the intensive study area 
where the wolf population was substantial and kit survival high suggest 
that predation on such young animals is not common. Young beaver remain 
in the lodge for about a month after birth, do not stray far from the lodge 
during the first summer and apparently do not go on land until fall 
(Hodgdon and Hunt 1955). This suggests that predation on kits during 
the summer is uncommon. First summer losses of beaver may be minor in 
habitats with and without wolves. Comparisons of mortality between hab- 


itats where populations were stable should be valid. 
Habitat and Mortality 


Differences in survival (Fig. 14) between the high quality and low 
quality habitats are primarily due to higher losses of young beaver in 
the former areas. This higher mortality in the high quality habitats seems 
to be related to more intensive trapping (Table 18) in such areas. Less 
intensive trapping in the more northerly habitats must have allowed greater 


losses to more abundant predators and to other mortality agents. 
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Age-Specific Mortality 


The differences in age-specific mortality (Fig. 14) must be a result 
of other mortality agents if there is no age bias in the harvest. Studies 
of natural mortality of other long-lived mammals have generally indicated 
that mortality rates are highest in the very youngest and oldest animals. 
Fuller (1962), Mech (1966), Pimlott et al. (1969) and Hornocker (1970) 
all found that large predators selected ungulates that were either very 
young or old (Fuller 's data included a third group of various-aged bison 
which he called the "handicapped"). Houston (1968) found that these same 
age-groups of moose (i.e., very young and old) were most susceptible to 
winter losses even where predation was not an important mortality agent. 

Age-specific mortality of beaver as found in this study ressembled 
that of ungulate mortality of the above studies, except that higher losses 
appeared to continue into the second and third year of life of the beaver. 
Beaver mortality in the second and third years of life might be related 
to the dispersals of yearlings and 2-year olds during those periods. 

These animals are probably more susceptible to losses from predation and 
perhaps exposure and fighting in other established beaver territories 
through which they must travel. The higher rates of loss neers the years 
of life after 10 years probably reflect more deaths due to accidents, old 


age and predation. 


Sex-specific Mortality 


Sex ratios found in commercial harvests in this study were similar 
to those found previously by other investigators (Table 19). Unfortun- 


ately, very few studies to date have accurately determined sex ratios at 
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Table 19 Sex ratios of beaver in trappers’ harvests (% males) 


Investigator | Fetal 


Benson (1936)* 

Bradt (1938)** S202 
Osborn (1953) *** 56.3 
Hodgdon and Hunt (1955) 

Bond (1956)* 

Rutherford (1964) *** 

Leege and Williams (19671 


(This study) 50.5 


Kits 
54.3 


oye 


SL.3 


Yearlings Adults 


56.9 
54.5 
41.2 
58.0 


50.3 


% yearlings and 2-year olds included with adults 


** . newly-born kits less than 2 months of age 


kkk 2-year olds included with adults 


39.3 


46.8 
48.4 
45.7 
50.0 
47.1 


45.9 


+ yearlings (between 21 and 30 pounds): adults (over 30 pounds) 
++ total of two trapping periods; fall and spring 
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birth and few investigators compared sex ratios from harvest collections 
to independently determined ratios in live populations. Results of 
Bradt's studies and this study suggest that sex ratio at birth is very 
nearly balanced. Since virtually all investigators have reported more 
kit males than females in harvests there must be either more female mort- 
ality during the first year of life or a trap selection for kit males. 
Since my analysis of the order of capture of kits on the two study trap- 
lines indicated there was no bias, I tentatively conclude that natural 
mortality of kit females does exceed that of kit males. 

Most investigators have not attempted to explain the reasons for 
more adult females in harvests. Others (Osborn 1953, Leege and Williams 
1967) quoted Grinnell et al. (1937) who thought that there was a higher 
natural mortality of males due to fighting during the breeding season. 
Since the entire breeding season in Saskatchewan occurs during winter 
when the male is restricted to one colony under ice, I doubt that this 
explanation has much merit, at least in the northern distribution of the 
species. Bond (1956) reasoned that some genetic factor may be responsible 
for the loss of males. 

There was a strong suggestion in this study that adult’ females are 
more susceptible in Phe harvest than males of that age. Since adult 
females were not all that more common in harvests than males it may be 
that the trap-selection mortality of females is nearly balanced by higher 
natural mortality of adult males. Males apparently undertake extensive 
summer travels while the females remain at the parental colony-site to 
rear young (Hodgdon and Hunt 1955, Longley and Moyle 1963). Losses 
during travel in strange surroundings are probably in excess of those in 


the familiar territory of the colony-site. These studies indicate that 
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more intensive investigations are required to more accurately evaluate 


sex-specific mortality and its significance to the population. 


Beaver and Trapping in Low Quality Habitats 


The trapping system employed on the intensive study area was based 
on the assumption that a) the adult pair would produce a litter each year, 
b) dispersal of 2-year olds would take place in the fourth summer of oc- 
cupation and c) the harvest during the fourth winter would remove all the 
remaining family-group. The 2-year olds would then start a new family 
and the rotation ( a harvest every 3 years is a 3-year rotation) would 
continue. 

The low harvest at kill-trapped colonies that were left for 4 years 
indicated that such a long term trapping system was impractical in that 
area. I believe that the reasons for this are as follows: 

1. Before the 4-year period was up the food supply had been depleted 

and the beaver had moved. Annual movements of family-groups 

to new food supplies occurred. Some new family-groups moved into 
the area (Fig. 6, colony 1 and 30) and some tagged families ra oe 
appeared and presumably moved out of the area. 

2. The number of animals at colonies was low because of emigration 

of yearlings as well as 2-year olds, and small litters. The 

high rate of yearling dispersal had the effect of creating col= 
onies of one and two beaver throughout the area as well as red- 
ucing the number of beaver in parental colonies. This process 
lowers the mean number of beaver per colony and distorts estimates 


of population size. 
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3. It seems logical that greater frequency of movements of both 
family-groups and dispersing immatures would increase the chances 
of losses from predation. Animals in the familiar territory of 
their own colony must have a survival advantage. 

4. Density operated to lower reproductive performance as colony 
size increased. Evidence from at least two colonies suggested 
that kits were not produced every year. 

5. Trappers were unable to remove all the beaver at parental colon- 
ies during the spring trapping. Earlier trapping would increase 
the chances of taking more of the beaver. 

Shorter term rotations and earlier harvests are needed in such 

low quality habitats. The 3-year rotation might have worked better in a 


high quality area. 
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CONCLUDING DISCUSSION AND RECOMMENDATIONS 


I have made the suggestion that intensive trapping during the late 
1950's and early 1960's was responsible for the reduction in population 
size and harvests, at least in some habitats, such as Churchill and Hyper- 
Churchill. Evidence for a decline in numbers of beaver is largely Yased 
on the reduced harvest trend and is, therefore, primarily circumstantial. 
Checks of the trappers' census during that period were few in number but 
suggested that trappers were reluctant to report fewer colonies. The 
combination of an over-estimated population and an increasing number of 
trappers resulted in larger harvests from smaller populations. More 
intensive management is required. The numbers of trappers should be care- 
fully regulated and the number of beaver more accurately determined. 

Judging from the results of census checks during the study period 
the trappers' census is a fairly imprecise measure of population size 
over large areas. Management requires a census from each trapiine in 
order to establish individual beaver quotas. The census is and should 
continue to be the basic tool of beaver mangement. However, an alternat- 
ive method of determining trends in population size in the northern forest 
is required. For this reason I recommend that the plot method, developed 
during the study period, be utilized. Permanent plots should be estab- 
lished and surveyed each fall. This would provide trends in numbers of 
colonies and a more accurate and continuing record of population size. 

Observations of the numbers and ages of beaver in colonies in two 
habitats strongly suggested that colonies in high quality habitats con- 
tained more beaver than colonies in low quality habitats. Higher harvests 


are in order in the higher quality areas. 
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Rotational systems of harvest, based on trapping colonies every 
other year or every 3 years, have the advantage of distributing trapping 
more uniformly over the entire trapline and allow production at untrapped 
colonies. In some areas, trappers who ae not employ such methods, retrap 
a colony each year until it has been trapped out. The results of the 
rotational harvest method on the intensive study area suggested that 
short term rotations would be advisable in low quality habitats. Losses 
from yearling dispersal, family-group movements and lower reproduction 
would be minimized. 


Further investigation is recommended in the following areas: 


1. Variations of immature dispersal between habitats of varying 
quality should be more accurately quantified. Results of this 
study suggested that the frequency of immature dispersal varied 
and was important in regulating the numbers of beaver at colonies. 
In addition, the question of whether immatures are forced from 
the colony or leave voluntarily has apparently not been resolved. 
This could be the subject of further research. 

2. Food utilization studies of wolves in other areas have suggested 
that the beaver is an important prey species. Greneer movements 
of beaver in low quality habitats probably increases their susc- 
eptibility to predation which may replace trapping as the most 
important mortality agent in areas where trapping is not intensive. 
Further investigation of wolf-beaver relationships in the north- 
ern forest is recommended. 

3, Natural mortality during the dispersal and pre-mating phase of 
life and its effect on sex and age ratios in the population has 


not been intensively studied. Further work is suggested. 
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This study suggested that a density-dependent mechanism operated 
to lower litter size in larger populations. The data are few, 
and the implications must, at best, be considered tentative. 
This relationship, if correct, basically means that more inten- 
sive trapping can result in increasing reproductive performance 
of survivors. Additional research is suggested. 

That there is a selection for adult females in Saskatchewan and 
possibly other harvests throughout the North American range was 
suggested in this study. Selection of the mature female could 
prove to be limiting under certain conditions. Further invest- 
igation should include independent determinations of the sex 


ratios in the population and in the harvest. 
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